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NOTES ON THE MARINE ALGAE OF PUERTO RICO. IV. 
THE TAXONOMIC PLACEMENT OF GRALLATORIA 
(CERAMIACEAE, RHODOPHYTA) 


Michael J. WYNNE* & David L, BALLANTINE** 


ABSTRACT. — Observations are made on Puerto Rican collections of the red algal genus 
Grallatoria Howe, based on the type G.reptans. Evidence is presented that this genus is best 
assigned to the tribe Wrangelieae (Ceramiaceae, Ceramiales) on the basis of the origin of 
indeterminate branches from the basal cell of a whorl-branch, uninucleate vegetative cells, 
tetrahedrally divided tetrasporangia, involucrate cystocarps, and the production of sperma- 
tangial heads, It is argued that Grallaroria and Callithamniella Feldmann-Mazoyer are not 
congeneric, confirming the opinion of SCHNEIDER (1984). 


RÉSUMÉ. — Le genre Grallatoria Howe (Rhodophyta), fondé sur le type G. reptans, a été 
étudié à partir de collections réalisées à Puerto Rico. Plusieurs caractéres conduisent à ratta- 
cher ce genre à la tribu des Wrangelieae (Ceramiaceae, Ceramiales) : développement des 
rameaux à croissance indéfinie à partir de la cellule basale d'un des rameaux du verticille 
cellules végétatives uninucléées, tétrasporocystes tétraédriques, cystocarpes entourés de fila- 
ments involucraux, spermatocystes disposés «en manchon». L'opinion de SCHNEIDER 
(1984), est confirmée : Grallatoria et Callithamniella Feldmann-Mazoyer ne sont pas congé- 
nériques. 





KEY-WORDS : Callithamniella, Ceramiaceae, Grallatoria reptans, marine algae, Puerto Rico, 
Rhodophyta, Wrangelia dumontii. 


INTRODUCTION 


Grallatoria reptans Howe (1920), a monotypic genus of the Ceramiaceae 
(Rhodophyta) endemic to the Caribbean, has been seldom reported since its 
description from the Bahamas. It was still known only from the original account 
when TAYLOR’s (1960) floristic treatment appeared. ABBOTT (1976) has 
since reported its presence at St. Croix in the U. S. Virgin Islands. The present 
account is the first record of this species from Puerto Rico. 
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Michigan 48109, U.S.A. 
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In ABBOTT's (1976) study of Grallatoria, she described spermatangia and 
cystocarps for the first time and concluded that the genus can be tentatively 
assigned to the tribe Sphondylothamnieae on the basis of vegetative and repro- 
ductive features, She also made a case for regarding Callithamniella of FELD- 
MANN -MAZOYER (1938, 1939) as con-generic with the earlier described 
Grallatoria and transferred two species of Callithamniella into Grallatoria. 


On the basis of his North Carolina collections of Callithamniella tingitana 
(Schousboe ex Bornet) Feldmann-Mazoyer, the type of that genus, SCHNEIDER 
(1984) maintained Callithamniella as a distinct genus. His contention for keeping 
these two genera separate was based on the fact that indeterminate axes never 
arise on determinate axes in Grallatoria reptans. Our collections of Grallatoria 
reptans from Puerto Rico have permitted us to re-investigate these problems, 
regarding both the relationship between Grallatoria and Callithamniella and also 
the placement of Grallatoria within the family Ceramiaceae. 


MATERIALS AND METHODS 


This study is based on the following collections of Grallatoria reptans made 
in Puerto Rico, all by D.L. Ballantine : edge of insular shelf off La Parguera : 
DLB 2080, 19.v.1977, 18 m, on coral rubble; DLB 2, 18.xii.1978, on Veron- 
gia; DLB 167, tetrasporic, 30.iii.1979, 20 m, on Verongia; DLB 536, 12.x.1979, 
on Verongia. Seaward of Media Luna Reef : DLB 2031, tetrasporic, 28.ii.1978, 
18 m, epiphytic. Desecheo Island : DLB 1395, 18.x.1980, 18 m, on Verongia. 
Voucher specimens have been deposited in the herbaria of the Dept. of Marine 
Sciences, Univ. of Puerto Rico (MSM) and of the Univ. of Michigan (MICH). 


Observations of Wrangelia dumontii (Daws.) Abbott (Anthithamnion dumon- 
tii Daws.) were made on specimens on loan from the U.S. National Museum 
(US), all Dawson collections : Panama, Isla Jicarón : EYD 21128 (holotype), 
25.iii.1959; Isla Brincanco Bay, Islas Contreras : EYC 21406, 26.iii.1959. Costa 
Rica, Isla del Caño : EYD 21066, 28.1.1959; ЕҮР 210852, 28.iii.1959. 


Collections were preserved in 4% formalin-seawater. Slides were prepared by 
staining in a mixture of 1 % aniline blue/1N HCl/Karo syrup/water (4:1:20:75). 
For nuclear staining Delafield’s haematoxylin was used, A standard Zeiss re- 
search microscope equipped with a camera back and a camera lucida was used. 


OBSERVATIONS 


Puerto Rican plants of Grallatoria reptans are found growing as epiphytes 
as well as on hard substrata at moderate depths (to 20 m). The organization of 
these thalli is in full agreement with the description given by HOWE (1920), 
in which a pair of opposite lateral ramuli is produced at the distal end of each 
segment of the repent (main) axis. These opposite ramuli are whorl-branches. 
Each of these oppositely placed ramuli branch at their basal cell, producing 
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an erect simple filament and a descending multicellular hapteron (Fig. 3, 9 and 
10). The multicellular rhizoids produced by the pair of lateral whorl-branches 
are usually elaborately digitate at their distal ends, and they permit the creeping 
axis to be lifted off the substrate (Fig, 1 and 11), as a «stilt-walker», as observed 
by HOWE (1920) and ABBOTT (1976). 


Typically, on every other segment of the repent axis there is a third deter- 
minate whorl-branch (Fig. 1 and 2), the «dorsal erect ramuli» of HOWE (1920). 
The dorsal whorl-branch is much branched, more robust, and is of greater height 
(14 mm) than the erect portions from the oppositely placed lateral whorl- 
branches (Fig, 1), It is also formed prior to the lateral whorl-branches, It is on 
the basal cell of this dorsal erect ramulus that the indeterminate branches origi- 
nate, as a bulge from the distal end of that basal cell. This basal cell is different 
in appearance from the succeeding cells (Fig. 9 and 10), in that the basal cell is 
at the most twice as long as broad, The succeeding cells (at maturity) are up to 
six times as long as broad, as HOWE (1920) also observed. Occasionally two 
adjacent segments of a repent axis produce dorsal ramuli. 


Apical cells of indeterminate axes are relatively small and are densely sur- 
rounded by the young whorl-branches (Fig. 1 and 11). Vegetative cells are 
uninucleate. Filaments of different ages were stained with hematoxylin, and 
there was invariably a single nucleus per cell (Fig. 5, 7 and 8), 


The only reproductive stages observed in the Puerto Rican collections were 
tetrasporangiate thalli. Tetrasporangia are pedicellate and are produced on the 
dorsal whorl-branches (Fig. 4 and 6). They are tetrahedrally divided, ovoid, 
24-34 um in length and 18-25 um in width at maturity. There are no involucral 
filaments associated with the tetrasporangia. 


Since ABBOTT (1979) pointed out many similarities between Grallatoria 
reptans and Wrangelia dumontii (Daws.) Abbott, both of them being dorsi- 
ventrally organized «stilt-walkers», we have examined material used by DAW- 
SON (1960) in his description of Antithamnion dumontii, the basionym of 
W. dumontii. Like G. reptans, W. dumontii is primarily a creeping alga (Fig. 12). 
We have observed typically four whorl-branches per axial cell of the repent 
(indeterminate) axes, the two whorl-branches on the ventral side being different 
in appearance from the two dorsal whorl-branches (Fig. 13 and 17). Multicellular 
rhizoids develop from the basal cell of each ventral whorl branch, and often the 
proximal cells of these rhizoids are inflated (Fig. 12). Indeterminate branches 
originate from the basal cell of one of the pair of dorsal whorl-branches (Fig. 14 
and 16). The indeterminate branches often arise on consecutive segments of a 
creeping axis (Fig. 15); they repeat the pattern of organization of the parent 
axis. 


In the material of Wrangelia dumontii examined, both tetrasporangia and 
spermatangial heads were observed to be surrounded by involucral filaments, 
as noted by ABBOTT (1979) and SCHNETTER & BULA MEYER (1982), 
‘These reproductive structures occurred on the dorsally placed whorl-branches. 
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DISCUSSION 


It is significant that the arrangement and pattern of formation of the deter- 
minate and indeterminate branches in the Puerto Rican material of Grallatoria 
reptans is remarkably constant. HOWE (1920) did not make a distinction bet- 
ween whorl-branches and indeterminate branches, nor did he determine the ori- 
gin of indeterminate branches. But he did observe that lateral «ramuli» (7 whorl- 
branches) were produced from essentially every segment of the «primary fila- 
ment» (= indeterminate branch) and that a dorsal erect ramulus, 1-4 mm high, 
was produced «usually from every second segment of the primary filament». 
We entirely concur with Howe's observations with the additional point ; the 
basal cell of the dorsal whorl-branch («ramulus») is the point of origin of an 
indeterminate branch, or primary filament. 


Thus, we cannot agree with ABBOTT's (1976) characterization of this alga 
as having a «not necessarily fixed» order of occurrence and arrangement of 
haptera and determinate and indeterminate branches. Abbott noted that inde- 
terminate branches sometimes arise «adventitiously» from the lowest cell of 
an indeterminate branch (her fig. 2). It is our opinion that the dorsal branch is 
undoubtedly a determinate branch, namely, the third whorl-branch, which is 
better developed than the two laterally placed whorl-branches. We also find 
that indeterminate branches arise from the basal cell of the dorsal whorl-branch; 
thus, it does not arise adventitiously. Abbott's fig. 1 and 2 depict the produc- 
tion of indeterminate branches from the basal cell of the dorsal whorl-branch 
in an early (fig. 2) and a later stage (fig. 1). 


Grallatoria demonstrates several characteristics that indicate a relationship 
with Wrangelia, the only member of the tribe Wrangelieae (GUIRY, 1978). 
The following shared traits are evidence of the close relationship between these 
two genera : 


1) uninucleate vegetative cells. The uninucleate condition persists in vegeta- 
tive cells even as they enlarge and mature (Fig. 8). It is known that only certain 
tribes of Ceramiaceae are characterized by the multinucleate condition in the 
fundamental sense that the apical cells are multinucleate (L'HARDY-HALOS, 
1971). GORDON (1972) and WYNNE (1980) demonstrated that the nuclear 
condition of vegetative cells is a useful taxonomic feature at the tribe level. 
Vegetative cells are uninucleate in the Wrangelieae but are multinucleate in the 
Sphondylothamnieae (GORDON, 1972). 


2) cystocarps surrounded by involucral filaments involving the whole termi- 
nal portion of a fertile branch, Compare ABBOTT’s (1976) fig. 5 (for Grallatoria 
reptans) with GORDON’s (1972) fig. 3A (for Wrangelia princeps). The intermin- 
gling of fertile and sterile filaments in the development of the cystocarp, which 
is stated to be a distinctive feature of the Wrangelieae (GORDON, 1972, p. 14 
& 154), appears to also be the condition in Grallatoria on the basis of ABBOTT's 
(1976) characterization. Our collections did not include cystocarpic thalli. 

3) relatively small apical cells of indeterminate axes, surrounded by young 
whorl-branches. This is in agreement with Wrangelia but in contrast to the condi- 
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tion in the Sphondylothamnieae, which have large apical cells not protected 
by long whorl-branches (GORDON, 1972). 


4) the development of indeterminate branches from the basal cells of whorl- 
branches. We interpret the dorsal ramulus (from every other segment) and the 
pair of lateral ramuli (from every segment) to be whorl-branches in G. reptans. 
The dorsal ramulus is much better developed (to 4mm) than the lateral ramuli, 
but both types are determinate. The indeterminate branches arise on the basal 
cell of the dorsal ramulus, and that is the only point of origin for indeterminate 
branches. GORDON (1972) has listed this feature as one of the primary charac- 
teristics of the Wrangelieae and as a difference from the Sphondylothamnieae. 
Although ABBOTT (1979) did not recognize this fact in W. dumontii, we have 
observed that indeterminate branches in that species also originate from the 
basal cell of an erect whorl-branch, in agreement with other species in the genus. 


5) spermatangial heads are produced in both Wrangelia (GORDON, 1972; 
ITONO, 1977; ABBOTT, 1979) and Grallatoria (ABBOTT, 1976). ITONO 
(1977) regarded these compact spermatangial heads in the Wrangelieae to re- 
semble those in advanced tribes, thus an apomorphous character (ELDREDGE 
& CRACRAFT, 1980). 


6) tetrahedrally divided tetrasporangia produced in lower cells of the whorl- 
branches (on only the dorsal whorl-branches in Grallatoria). 


7) a distinctive purple color. Species of Grallatoria ate invariably referred 
to as being deep purplish-red, purple, or purplish-blue in color (TSENG, 1942; 
TAYLOR, 1960; GORDON, 1972). It is noteworthy that HOWE (1920) des- 
cribed the color of G. reptans as «vinaceous-purple to dark vinaceous-brown 
(near the color of Wrangelia Argus)». 


8) the dorsal ramulus is cut off first, followed by the lateral ramuli, resulting 
in a zigzag pattern, CHADEFAUD (1954) demonstrated a scorpioid, or zig-zag, 
manner of formation of the whorl-branches in Wrangelia penicillata, and such 
a distinctive pattern appears to be characteristic of the Wrangelieae (M. Hom- 
mersand, in litt.), 

It would appear that dorsiventral organization, non involucrate spermatangial 
heads, and the lesser number of whorl-branches in Grallatoria would distinguish 
it from Wrangelia. Closer examination, however, reconciles these differences. 
Although GORDON (1972, p. 13) characterized the tribe Wrangelieae as having 
«erect axes only», the thalli of some species in Wrangelia have been described as 
creeping, prostrate, or dorsiventral, GORDON (1972) indicated two lines within 
the genus in which dorsiventral and flattened thalli are attained (viz., W. nobilis 
and W. australis). ABBOTT (1979) described St. Croix specimens of W. argus 
as being cat least half decumbent». The same species has been said to be «partly 
prostrate» in Great Barrier Reef populations (CRIBB, 1983) and to be « mostly 
prostrate plant» in South African populations (NORRIS and AKEN, 1985). The 
transfer of Antithamnion dumontii DAWSON (1960) into Wrangelia by AB- 
BOTT (1979), a species with a creeping, dorsiventral habit, is an additional 
example, Thus, it appears that Grallatoria reptans, with its creeping, dorsiventral 
habit, is no longer remote from the Wrangelieae. 
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According to ABBOTT (1979) a difference between Grallatoria reptans and 
Wrangelia dumontii is that tetrasporangia are allegedly cruciately divided in the 
former and tetrahedrally divided in the latter, This difference can be discounted, 
however, since the sporangia are indeed tetrahedrally divided in G. reptans, 
as stated by HOWE (1920) and ABBOTT (1976) in her earlier report and as 
observed in this study (Fig. 4 and 6). 


The lack of involucral filaments around the spermatangial heads and tetra- 
sporangia in Grallatoria differs from the involucrate condition in the majority 
of species of Wrangelia. However, this generalization is not true for all species 
of that genus. Special involucral filaments around the tetrasporangia are not 
present in W. princeps (GORDON, 1972). This fact again diminishes the separa- 
tion between Grallatoria and the Wrangelieae. 


Although five is the usual number of whorl-branches per axial cell in Wrange- 
lia (GORDON, 1972), several species are known to have only four whorl-bran- 
ches per axial cell. Although ABBOTT (1979) asserted in W. dumontii that there 
are only three whorl-branches per axial cell, «4 if indeterminate branch is 
added» (ABBOTT, 1979), our observations revealed that four whorl-branches 
per axial cell is the usual number in that species. SCHNETTER and BULA 
MEYER (1982) also observed four verticilate branches from each segment of 
the creeping axis. Typical for the genus, the indeterminate branch arises on the 
basal cell of one of the whorl-branches in W. dumontii (namely, one of the 
erect whorl-branches). Likewise, in regard to CRIBB's (1983) characterization 
of W. argus as having four branch systems per node of the main axis, «3 of the 
4 systems determinate, 1 indeterminate», we interpret this to mean that there 
are 4 determinate branches (whorl-branches) per axial cell of the indeterminate 
axis, with the new indeterminate branch system arising from the basal cell of 
one of the whorl-branches, as is true for the genus (GORDON, 1972; ITONO, 
1977). This distinctive manner of initiation of indeterminate branch formation, 
which is known in all species of Wrangelia and in Grallatoria reptans, is a strong 
argument for relating these two genera. 


It is our opinion that G. reptans should be maintained in its own genus sepa- 
rate from Wrangelia because of only 2 (or 3) whorl-branches per axial cell, the 
precise pattern of two whorl-branches per axial cell with a third (dorsal) whorl- 
branch on alternate axial cells, its strongly dorsiventral organization, and its 
lack of involucral filaments around the spermatangial heads and tetrasporangia. 


In light of our observations that the indeterminate branches arise from the 
basal cell of a whorl-branch, it is necessary to re-examine SCHNEIDER’s (1984) 
discussion of the relationship between Grallatoria and Callithamniella. SCHNEI- 
DER. (1984) accepted ABBOTT's (1976) statement that indeterminate axes 
never arise on determinate axes and employed that distinction to maintain 
these as two separate genera, contrary to Abbott's merger of these two taxa. 
Thus, the present observations preclude that characteristic as a means to discri- 
minate these two taxa. There are, however, other differences which are present 
to maintain these two genera as distinct. Foremost is the fact that tetrasporangia 
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are cruciately divided in Callithamniella (FELDMANN-MAZOYER, 1939) but 
tetrahedrally divided in Grallatoria (HOWE, 1920; ABBOTT, 1976; present 
observations), Indeterminate axes in Callithamniella tingitana bear laterals singly 
or in pairs in an irregular sequence (FELDMANN-MAZOYER, 1938; SCHNEI- 
DER, 1984), whereas indeterminate axes in Grallatoria reptans bear whorl- 
branches in pairs or in whorls of three in a very precise alternating sequence 
(HOWE, 1920; present observations). In both taxa rhizoids originate from the 
basal cell of a lateral/whorl-branch; in C. tingitana these rhizoids are most often 
depicted as being unicellular (FELDMANN-MAZOYER, 1938; JOLY, 1965; 
SCHNEIDER, 1984) but as multicellular in G. reptans (ABBOTT, 1976; present 
observations). These differences argue for maintaining Callithamniella and Gral- 
latoria as separate genera. 
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LEGENDS FOR PLATES 


Fig. 1-4 : Grallatoria reptans. Fig. 1. Habit of creeping axis raised above substrate by 
. 2 and 3. Formation of dorsal ramulus from alternate segments and origin of 
indeterminate branch from basal cell of dorsal whorl-branch. Fig. 4. Production of tetra- 
sporangia on dorsal whorl-branch. Scale bars : 50 im in Fig. 1-3; 20 Um in Fig. 4. 





Fig. 5-10. Grallatoria reptans. Fig. 5, 7, and 8. Cells of different ages, with nuclei stai- 
ned. Fig. 6. Portion of a dorsal whorl-branch bearing tetrasporangia. Fig. 9 and 10. Segment 
with one whorl-branch (of the pair) and a dorsal whorl-branch with the dorsal whorl-branch 
bearing an indeterminate branch from its basal cell (bc). Note the difference in size between 
the basal cell and the suprabasal cell (sb) of the dorsal whorl-branch. 


Fig, 11-17. Fig. 11. Grallatoria reptans, Fig. 12-17. Wrangelia dumontii. Fig. 11, Habit. 
Fig. 12. Habit. Fig. 13-16. Formation of rhizoid from basal cell of ventral whorl-branch and 
formation of indeterminate branch from basal cell of dorsal whorl-branches. Fig. 17. Forma- 
tion of indeterminate branches from successive dorsal whorl-branches. Scale bars : 50 Jim 
in Fig. 11-13 and 15; 30 Um in Fig. 14 and 17: 20 Um in Fig. 16. 
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SUR LA PRÉSENCE D'UNE CYSTOSEIRE LIBRE 
DANS LE BASSIN DE THAU (HÉRAULT, FRANCE 
CYSTOSEIRA BARBATA FORMA REPENS 
(PHEOPHYCÉES, FUCALES) 





L. PELLEGRINI*, R. RIOUALL*”, P. DOUMENQ* 


RÉSUMÉ. — La morphologie d'une Cystoseire, vivant libre près du fond du Bassin de Thau, 
non rattachée au substrat, est décrite. Les caractéristiques observées permettent de rapporter 
cette espèce à la forme repens du Cystoseira barbata (Good. et Woodw.) C. Ag. que Zinova 
& Kalugina (1974) ont découverte dans la Mer Noire. L'origine possible de cette algue, dont 
la signalisation est nouvelle pour les côtes françaises, est discutée. 


SUMMARY. — The morphology of a free-living form of Cystoseira is described. This species 
remains unattached near the bottom of Bassin de Thau (France). Its biological characteris- 
tics are similar to those given for Cystoseira barbata (Good. et Woodw.) C. Ag. f. repens by 
Zinova & Kalugina (1974). Its possible origin is discussed. It is the first record of the occur- 
tence of that species in France. 


MOTS CLÉS : Fucales, Cystoseira barbata forma repens, Étang de Thau, France. 


Diverses espèces de Rhodophycées, de Chlorophycées et de Phéophycées 
présentent la particularité de pouvoir se développer tant à Pétat fixé que déta- 
chées du substrat (FRITSCH, 1945). Chez les algues brunes on les rencontre 
plus particuliérement parmi les Ectocarpales (Ectocarpus : RUSSELL, 1967 - 
Pilayella : WILCE et al., 1982) comme parmi les Fucales (Pelvetia : BAKER & 
BOHLING, 1916; DIZERBO, 1960; OLIVEIRA FILHO & FLETCHER, 1980 - 
Hormosira : MOORE, 1950 - Ascophyllum : GIBB, 1957; SOUTH & HILL, 
1970). Les unes flottent à la surface des eaux tel le Pelvetia canaliculata (L.) 
Decsne et Thur. var. libera Baker ou le Sargassum natans L., alors que d'autres 


* Laboratoire de Biologie Végétale, Faculté des Sciences de Luminy (Case 901), 70 route 
Léon Lachamp, 13288 Marseille Cedex 09, France. 


** Laboratoire de Cryptogamie, Institut de Botanique, 163 rue Auguste Broussonnet, 
34000 Montpellier, France. 
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6 cm 


Fig 


. 1. — Aspect morphologique d'un thalle de Cystoseira barbata f. repens, récolté en 
février 1985 dans l'étang de Thau. R : rameau latéral porteur d'acrocystes (A V). 


Source : MNHN, Paris 
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vivent libres prés des fonds, plus ou moins enchevétrées aux autres végétaux, 
parfois temporairement envasées telles les variétés mackaïi (Turn.) Cotton et 
scorpioides (Hornem.) Hauck de l'Ascophyllum nodosum (L.) Ге Jol. Certaines, 
enfin, restent toujours enfoncées dans la vase tel le Fucus lutarius Kütz. 


Dans le genre Cystoseira, plusieurs formes libres ont été signalées dans l'Adria- 
tique (SCHILLER, 1909; ERCEGOVIC, 1952) et dans la mer Noire (ZINOVA 
& KALUGINA, 1974). Une forme à la fois libre et vasicole a été découverte dans 
le vivier du Laboratoire Arago de Banyuls (P.O.) (GROS, 1978, 1979). Un étang 
du sud de la France renferme une espéce également non fixée au substrat mais 
non vasicole. 


Cette algue (Fig. 1), de couleur jaune-brun, est constituée de rameaux pri- 
maires cylindriques mesurant de 1,2 à 1,7 mm de diamètre et atteignant 50 ст 
de longueur. Des ramifications plus ou moins longues et nombreuses, le plus 
souvent cylindriques, parfois aplaties, en partent dans tous les plans: le degré de 
ramification dépassant rarement le troisième ordre. Ces axes, très cryptifères, 
ne portent ni feuille, ni épine. Leur structure anatomique est comparable à celle 
d'une Cystoseire et leur allongement se fait par le jeu d'une cellule apicale ini- 
tiale logée au fond dune dépression, En vieillissant, les parties basales des 
rameaux primaires deviennent noirâtres et se nécrosent progressivement. Il 
n'existe pas d'organe de fixation, disque ou crampon. Les aérocystes mesurent 
environ 1,5 mm d'épaisseur et sont de forme oblongue (Fig, 1, flèches). 


Certaines extrémités de rameaux, porteurs d’aérocystes, sont fertiles. Une 
coupe transversale au niveau d’un réceptacle montre la répartition des concep- 
tacles autour d’une lacune axiale. Les spermatocystes mesurent de 30 à 40 um 
x 7 à 10 um. Les oocystes, de forme assez souvent allongée, ont les dimensions 
suivantes : 50 à 80 um x 15 à 40 um. Les paraphyses sont simples ou ramifiées, 
articulées ou non. Ces organes reproducteurs ont été observés au début du prin- 
temps. 


L'absence d'organes reproducteurs sexués, chez les espèces algales libres, 
soulignée par certains auteurs, ne paraît pas être un critère général. En effet, 
selon GIBB (1957), la production de réceptacles chez l'Ascophyllum nodosum 
forme mackaii dépendrait de la lumière, des conditions de salinité et de l'âge 
de la plante. Toutefois dans notre espèce, à côté de la reproduction sexuée, il 
existe un mode de reproduction par voie végétative qui semble prépondérant. 
Ce bouturage résulte de la fragilité des axes, du broutage des animaux phyco- 
phages et de la nécrose des parties âgées des rameaux primaires. 

Les thalles reposent toujours près du fond de l'étang, jamais envasés, entre 
— 1 m et — 3m de profondeur. Il a été vérifié, in vitro, dans des bassins de 
70 cm de profondeur, que des axes d'une trentaine de centimètres de long et 
pourvus de nombreux aérocystes ne flottent pas à la surface de l'eau. Dans la 
nature, ils sont le plus souvent enchevétrés entre-eux et mélés à d'autres algues, 
Ulva et Gracilaria surtout. Ces dernières s’y fixent parfois en épiphytes. 

La présence régulière de cette algue depuis 1980 (date à laquelle l'un de nous 
— RAR. — l'a récoltée pour la première fois) atteste de la pleine vitalité des 
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Fig. 2. — Aspect morphologique d'un thalle de Cystoseira barbata, forme fixée, récolté en 
février 1985 dans l'étang de Thau. A : aérocyste, D : disque basal, R : rameau latéral non 
«feuillé», T : «tige» à sommet lisse longuement saillant (flèche). 


Source : MNHN. Paris 
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peuplements qui couvrent actuellement plusieurs dizaines de métres carrés au 
lieu dit l'Étang des Eaux Blanches, à l'est du Bassin de Thau, vers Balaruc-les- 
bains. L'accumulation des thalles, liée aux conditions hydrodynamiques, est 
plus importante dans les sites abrités de Paction des vagues. 

Il n'existe, à notre connaissance, que deux descriptions détaillées de Cysto- 
seira libres. ZINOVA 8: KALUGINA (1974) distinguent une forme repens du 
Cystoseira barbata (Good. et Wood.) C. Ag. dans la Mer Noire, alors que les 
données obtenues par GROS (1978, 1979) sur une forme libre et vasicole 
de Banyuls apparaissent insuffisantes à Pauteur pour pouvoir la dénommer avec 
exactitude et la rattacher à une espèce déterminée. A la différence de ce Cysto- 
seira vasicole, les thalles de l'espèce du Bassin de Thau ne s'envasent pas, sont 
plus grands, non iridescents et dépourvus de «feuilles coniques». Les caracté- 
ristiques morphologiques observées permettent par contre de rapporter cette 
espèce à la forme repens du Cystoseira barbata. Sa signalisation est nouvelle 
pour les cótes francaises. 


Comme le soulignent aussi ZINOVA & KALUGINA (1974), les affinités de 
cette algue avec le Cystoseira barbata forme hoppii (Ag.) J. Ag. paraissent 
évidentes. En fait, l'espèce Cystoseira barbata est très polymorphe. Plusieurs 
variétés ont été décrites, en particulier par J. AGARDH (1848 : var. turneri et 
var. hoppii), par ERCEGOVIC (1952 : subspecies thophuloides), par ZINOVA 
(1967 : f. barbata et f. flaccida), par GIACCONE & BRUNI (1972-1973 : var. 
tophuloidea et f. aurentia) et par ZINOVA & KALUGINA (1974 : f. barbata, 
f. hoppii et f. repens). Chez toutes ces formes, la morphologie des rameaux 
varie beaucoup. Dans sa monographie du genre, SAUVAGEAU (1912, 1915- 
1920) considère les deux variétés turneri et hoppii comme deux états saisonniers 
d'une même espèce. Parmi ses échantillons, conservés au Muséum National 
d'Histoire Naturelle de Paris, ceux récoltés à Sète derrière le brise-lame appa- 
raissent moins grands, plus trapus que ceux prélevés dans l'étang de Thau. Ces 
derniers sont tout à fait semblables aux thalles que l'on collecte encore aujour- 
d'hui (Fig. 2). Il n'est pas douteux, en comparant les figures 1 et 2 ci-incluses, 
que les thalles du Cystoseira libre ressemblent aux rameaux du Cystoseira fixé. 
L'origine de la forme libre pourrait donc s'expliquer par une fragmentation des 
rameaux de l'espèce fixée, Cystoseira barbata étant d'ailleurs la seule Cystoseire 
actuellement connue dans cet étang. 


Les étangs méditerranćens recèlent en abondance une flore algale particu- 
lière, certaines algues habituellement fixées y devenant flottantes (G. FELD- 
MANN, 1954). Pour cet auteur, l'existence de ces formes semble liée aux condi- 
tions écologiques du milieu, Les grands écarts de température et une forte 
luminosité qui serait due à la faible profondeur de l'eau favoriseraient l'appari- 
tion de nombreuses ramifications disposées dans tous les plans sur les axes. 
Pour GIBB (1957), la présence de telles formes chez l’Ascophyllum nodosum 
dépendrait de l'interaction de plusieurs facteurs, en particulier un hydrodyna- 
misme réduit et un substrat ferme et peu vaseux. Le développement des rami- 
fications latérales serait aussi influencé par les conditions du milieu : Palternance 
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de fortes et de basses salinités et une exposition prolongée à une luminosité 
importante augmentent leur nombre. L'action de la lumière sur le taux de ramifi- 
cation du Cystoseira barbata forme repens de l'étang de Thau est actuellement 
suivie en bassins par l'un de nous (DOUMENQ, 1985). Les premiers résultats 
confirment les données des auteurs précédents. Les essais se poursuivent afin 
d'établir les conditions optimales de croissance de cette algue qui se révéle 
intéressante industriellement de par ses propriétés naturelles de bouturage et 
son taux en acide alginique. Seules, des expériences d'écophysiologie réalisées 
comparativement in situ et in vitro, pourront apporter des conclusions convain- 
cantes susceptibles d'expliquer la présence, l'abondance et l'origine de cette 
algue dans un étang qui se caractérise déjà par la diversité de sa flore algale. 
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ALGAL EPIPHYTES OF SUBTIDAL ZOSTERA MARINA L. 
ON THE SOUTH COAST OF IRELAND 


John CULLINANE*, Jacqueline O MAHONY* and Padraig WHELAN* 


ABSTRACT. — The algal epiphytes of Zostera marina were studied at six sites along the 
south coast of Ireland. The species were recorded and their location on the different parts 
of the host were noted. Sixteen diatoms and twenty-five macroalgae were found. Epiphytes 
were most abundant on the outermost leaf and least abundant on the fourth outermost 
leaf. In contrast to previous reports rhizomes were found to be an important site for algal 
epiphytes as were the dead leaf sheaths. Whereas previous studies at Roscoff found no 
difference in the epiphytes on either side of the leaf, the genus Fosliella was shown in the 
present study to favour the adaxial side. Comparison with other surveys are limited since 
there are no reports available on algal epiphytes from subtidal Zostera in western Europe. 


KEYWORDS : Zostera marina, Fosliella, epiphytes, subtidal, algae, Ireland. 


Zostera marina L. a flowering plant of the family Potamogetonaceae grows 
abundantly along the coast of Ireland from the intertidal to depths of 10 m 
below Chart Datum (C. D.). The plant grows by a branched underground hori- 
zontal rhizome which lies buried in the mud, sand or shingle, anchored by roots 
which occur on the lower side. The leaves are produced from a meristem at the 
apices of the rhizomes and grow as upright groups of 6 to 8 leaves. New leaves 
are produced at the rate of one every 14 days approximately with the old leaves 
being cast off at approximately the same rate. Subtidal Zostera plants usually 
have six to eight leaves present at a time with the oldest (but not necessarily 
the longest) leaf, (leaf 1), on the outside and the progressively younger leaves 
(leaves 2, 3, 4, 5, 6, etc.) arranged alternately inside of this. Each leaf has a basal 
leaf sheath closely applied to the leaf but the dead leaf sheaths of former leaves 
usually persist entangled with the rhizomes and roots (rhizomatic parts). 


An examination of the literature shows that Zostera marina in various parts 
of the world supports a host of algal and invertebrate epiphytes. However, very 
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few reports exist of the distribution of the epiphytes on the different parts 
(roots, rhizomes, leaf sheaths and different aged leaves) of the Zostera. In 
Ireland no such report exists for either the intertidal or subtidal Zostera. 


OSTENFELD (1908) found that diatoms, Ceramium Roth and Ectocarpus. 
Lyngbye were very abundant on eelgrass (Zostera) leaves in Danish waters. VAN 
DEN ENDE & HAAG (1963) reported some 12 species of blue green, green and 
red algal epiphytes of Zostera from Roscoff (France) and were the first to report 
on the distribution and the position of the epiphytes on the eelgrass shoots 
in relation to the age of the leaves. DEN HARTOG (1970) listed more than 100 
species of algae epiphytic on eelgrass. HARLIN (1980) in a literature review 
listed 91 microalgae, 121 macroalgae and 129 invertebrate species as epiphytes 
of Zostera marina. JACOBS & NOTEN (1980) recorded 199 diatom taxa as 
epiphytes of Zostera. JACOBS, HERMELINK & VAN GEEL (1983) reported 
the occurrence of Zostera marina epiphytes from fourteen intertidal stations at 
Roscoff. Some authors (FELDMANN, 1954, and DEN HARTOG, 1976) noted 
the restriction of specific epiphytes to Zostera marina including Fosliella lejolisii 
(Rosan.) Howe, (SUNESON, 1943; DAWSON, 1960) but this species has since 
been found on algae (CHAMBERLAIN, 1977; COPPEJANS, 1980). 

Apart from the studies at Roscoff (France) by VANDEN ENDE & HAAGE 
(loc. cit.) and JACOBS et al. (loc. cit.) there appears to be no other data on 
the seasonality and distribution of algal epiphytes of Zostera from western 
Europe and the data from those two studies are somewhat contradictory. 


DESCRIPTION AND METHODOLOGY 


A study was carried out of the algal epiphytes of Zostera at six subtidal sites 
along the south coast of Ireland (fig. 1) to determine the epiphytes present 
and their preferences if any for the different parts of the host plant. Table 1 
gives a brief description of the six study sites including depths (in meters relative 
to C.D.). The salinity at all sites was approximately 32 %0. As can be seen from 
Table 1, the substrate varied considerably between the sites. Likewise the extent 
and depth distribution varied between sites e. g. in Ventry Bay Zostera is extre- 
mely abundant and widespread (WHELAN & CULLINANE, 1983) growing from 
near C.D. to approximately 11 m below C.D. (making it the deepest growing 
Zostera bed in western Europe). At most other sites Zostera was less abundant 
and confined more to shallow water of not more than 3m below C.D. At the 
greater depths in Ventry Bay the Zostera plants were reduced in size and density 
and algal epiphytes were almost completely absent. To eliminate the variation 
in the epiphyte flora with depth all sampling was carried out between C.D. 
and 2 m below C.D. 


Sampling consisted of collecting 15 vegetative Zostera plants by SCUBA. This 
was shown to be the minimum number of plants necessary to obtain a represen- 
tative sample of the epiphytes present at each site, A total of 265 Zostera plants 
were collected and examined. In the laboratory each plant was studied and the 
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Fig. 1. — Map South coast of Ireland showing location of Ventry Bay County Kerry, Kin- 
sale Harbour County Cork and Cork Harbour. 




















Site Coordinates Depths Sampling Dates Substrate and General Conditions 

Cork Harbour 

Currabimay (1) 0800625 CD. level — 16.01.1982 Sand over anoxic md, turbid, Zostera 
23.02.1982 meadow. 

Spike tel. (2) w805640 do. 16.01.1982 Mixture of shells, mud and sand, turbid 
23.02.1982 and silty with scattered Zoste 

Whitebay (3) W825605 2а. 12.10.1981 d, semi-exposed, dense clumps 
16.01.1982 
13.02.1982 


Kinsale Harbour 











Money Point (4) W660490 C.D. level 06.08.1981 Sand over anoxic hard mud. Calm and 
27.01.1982 clear vith e thin covering of widely 
04.03.1982 

Charles Fort (5) N650480 2n. 06.08.1981 
04.011982 
06.03.1982 

Ventry Bay 

Cuan Pier (6) ү385980 dm. 04.09.1981 Pure fine sand, clear and calm with a 
10.12.1981 continuous meadow of Zostera. 
12.12.1981 
27.02.1982 





Table 1. — Location and brief description of the six study sites along with the depths and 
dates of sampling. 


presence of the various epiphytes present on the different plant parts were tabulated 
for each sampling at each site. The percentage of leaves 1 to 4 which had macro- 
algal epiphytes was determined so as to study the preference of the algal epi- 
phytes for the different aged leaves. In the plants collected in Ventry a study 
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was made of the percentage cover of the crustose red algal genus, Fosliella 
Howe, to determine its seasonality, its distribution along the leaf from base 
to tip and its distribution on either side of the leaf. The outermost leaves from 
the Ventry plants were divided according to their lengths into six size classes 
and the mean percentage cover of Fosliella was determined for each of these 
size classes to examine the relationship between the colonization by Fosliella 
and the length of those leaves. 


The nomenclature and authorities for the algae are according to PARKE & 
DIXON (1976). 


RESULTS 


Sixteen diatoms were recorded during the study (Tab. 2). Fourteen of the 
diatoms were found at Money Point and 6 of these were not found at any other 
site. Twenty-five epiphytic macroalgae and one blue green alga were recorded at 





ES Money Point | Currelimy] Charles Fort | Spike Is1.] whitebay 
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(inci tLariophyceae) 
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Pleurosigus angulata * * 
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Stsuroneis ap. + 




















Striatella unipunctata es 





Surirell 
Synedra ap- * 



























































Table 2. — List of the diatoms recorded at the different sites and the dates of recording. 


the different sites (Table 3), with an overall ratio of 16 Rhodophyta to 5 Phaco- 
phyta. In the case of all samplings the Rhodophyta species were more numerous 
than the Phaeophyta as is shown in Table 3. Cladophora Kiitzing was the only 
genus found at all six sites. Ceramium rubrum (Huds.) C. Ag. and Plocamium 
cartilagineum (L.) Dixon were found at five sites. Pilayella littoralis (L.) Kjellm. 
was recorded only at Ventry during September and October but this epiphyte 
is known to the authors to be extremely widespread and abundant during 
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Seet Siet | Gurrabinm Charles Fort [spike tei] whitebay 
Macroslgae (25) DCE ET EL CL EL EEE LE 
(Gyanophyeene) | | 

Oscillatoria sp. + 


ebe 
Dictyota dichotosa 


See 
Pilayella Irtroralie 


жакша! 
‘nei theater 


SS Ee 
SSES altata. 
Forliella minutula 
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eric Hhodophyta to 42 ëng za im äi 50 ло зл 


Phaeophyta. $0 30 6i 10 50 0 no 


Table 3. — List of the macroalgae recorded at the different sites and the dates of recording. 


early summer, JACOBS et al. (1983) likewise noted luxurious growths of Ecto- 
carpaceae covering the shoots in Spring. Ventry site had the greatest diversity 
of macroalgae (16 species with a ratio of 9 Rhodophyta; 3 Phaeophyta; 3 Chlo- 
rophyta). Money Point, however had a greater diversity of diatoms. Whitebay 
had the lowest diversity of algae (7 species), probably due to the effects of 
exposure and current (VAN DEN ENDE & HAAGE loc. cit.). 

JACOBS et al. (loc. cit.) noted the «remarkable phenomenon of no algae on 
leaf sheaths» whereas it was found in the present study that nearly all diatoms 
were found on the rhizomes and/or dead leaf sheaths, with only two genera, 
Coscinodiscus and Cocconeis found on the leaves. The latter forms a crust and 
can be regarded as pioneer vegetation (SIEBURTH & THOMAS, 1973). 


Of the macroalgae, Fosliella spp., Gelidium Lamouroux, Ectocarpus Lyngbye 
and Halopteris filicina (Grat) Kistz. were found on the leaves only, whereas, Ploca- 
mium cartilagineum, Punctaria Greville, Rhodophyllis divaricata (Stackh.) Pa- 
penf, Dictyota dichotoma (Huds.) Lamour, and Polysiphonia Greville were 
found only on the dead leaf sheaths and/or rhizomes. Cladophora, Entero- 
morpha link in Nees, Ulva lactuca L., Pilayella littoralis, Antithamnion spiro- 
graphidis Schiffner and Ceramium rubrum were found on leaves, dead leaf 
sheaths and rhizomes. 


Epiphytes were detected in small quantities on leaf 4 but were rarely if ever 
present on leaf 5 or younger leaves. Results (Fig. 2) clearly indicate that the 
older the leaf the greater was the percentage of leaves with epiphytes. The mean 
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PERCENTAGE OF LEAVES WITH EPIPHYTES PRESENT 





LEAF NUMBERS 1-4 


Fig. 2. — Shows the percentage of leaves that had epiphytes for leaves 1, 2, 3 and 4 for the 
six sample sites along with the mean value (—. for all sites. Currabinny @, Spike 
Island C, White Bay C, Money Point ©, Charles Fort m, and Ventry 4. 
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Fig. 3. — Shows the comparison of the percentage cover of Fosliella spp. on both the 


‘adaxial and abaxial sides of Zostera leaves in September, October and December. 
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values for all sites showed that this relationship was expressed by a straight line 
and was most evident at Currabinny and least evident at Ventry. JACOBS et al. 
(loc. cit.) found a similar distribution of the epiphytes on the four outermost 
leaves of intertidal Zostera. Although the diversity of epiphytes was greatest at 
Ventry, the percentage of leaves with epiphytes was very small and, in fact, was 
almost the same for leaf 1 and 2. 


The crustose red alga, Fosliella was first noticed on the leaves in Ventry in 
September and was present only up to December, at which time it was no longer 
found at the tips of the leaves and by February it was absent from all leaves 
(Fig. 3). It occurred in abundance on dead leaf sheaths throughout the summer 
months, From September to December there was a greater percentage cover of 
Fosliella on the adaxial side of the leaf (Fig. 3). Fosliella was most abundant near 
the leaf tip (the first and longest living part available for colonization) and was 
only found near the base of the leaf on the adaxial side in October and De- 
cember. 


The outermost (oldest) leaf on each plant from Ventry was graded accor- 
ding to length, size, class and the mean percentage cover of Fosliella was 
determined for both the adaxial and abaxial sides for each size class. Results 
(Fig. 4) show that there is an almost linear relationship for both sides indicating 
that the longer the leaf the greater the percentage cover of Fosliella. In the 
younger stages, the adaxial face tends to be colonized more than the abaxial 
face but as the leaves lengthen this difference tends to be minimised. 


BR ei sise 
O maria side 


— Linear regression lines 





Size CLasses 


Fig. 4. — Shows the percentage cover for both the adaxial W and abaxial O sides of the 
leaves in six different classes of leaf lengths (class 1 to 6 were 0-30, 30-40, 40-50, 50-60, 
60-70, and 70-80 cm respectively). 
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Both Cladophora and Plocamium grew entangled in the rhizomes and/or dead 
leaf sheaths and although not organically connected to the host plant, the fre- 
quency with which they were found in this manner was too great to be ignored. 
Almost all of the Plocamium specimens consisted either entirely or in part of 
reflexed branches, i. e. P. coccineum var. uncinatum (C. Ag.) J. Ag. «not com- 
mon in the British Isles but occurs more frequently in the Mediterranean» 
(DIXON & IRVINE, 1977). The reflexed condition would appear to be a res- 
ponse to this environment, The association of Plocamium with Zostera does not 
appear to have been previously reported, In situ observations in Ventry at depths 
down to 10 m below C.D. showed that Cladophora can become detached and 
form loose masses in between the Zostera or drift onto the shore and, by the 
churning effect of the waves on the strand, form rope-like or even spherical 
masses. Thus on Ventry beach on at least two recent occasions masses of Clado- 
phora balls (aegagropilae) up to 3 cm in diameter have been found. WHITTA- 
KER & FARNHAM (1983) noted that Cladophora spp. (called locally «flannel 
weed») grew entangled around the base of Zostera as did Enteromorpha flexuo- 
sa. DEN HARTOG (1982) has referred to loose lying algae as an important 
component in Zostera marina community but did not refer to Cladophora. 


DISCUSSION 


Only the following isolated records of Zostera algal epiphytes are to be found 
for Ireland, some of which were found in drift and some of the species are no 
longer recognised, 


Cladophora corynartha (FOSLIE, 1899); Rhodophysema georgii (WEISS, 
1900); Cladophora rudolphiana, Cladophora cornea var. verticillata, Cladophora 
corynartha var. spinescens, Leptonema fasciculatum var. subcylindrica and Gi- 
raudia sphacelaroides (NEWTON, 1931); Melobesia farinosa (SCANNELL, 1969); 
Cladosiphon zosterae (NORTON, 1970); Fosliella lejolisii, Cladosiphon zosterae, 
and Mesogloia sp., (HISCOCK & HISCOCK, 1980). COTTON (1912) in a survey 
of the Clare Island district has the following to say apparently (but with some 
ambiguity) with reference to Zostera epiphytes; «of the larger epiphytes the 
following are usually frequent in their respective seasons» and COTTON then 
listed some 16 macrospecies and 19 microspecies. REES (1931) did list eight 
species as occurring on Zostera in and around Lough Ine. 





It is not absolutely clear whether or not COTTON’s list refers to Zostera 
epiphytes and apart from his brief reference to «their respective seasons» neither 
he or REES gave any data on the depths of the Zostera or the distribution of 
the epiphytes on the host. JACOBS et al. (loc. cit.) worked in the intertidal and 
VAN DEN ENDE & HAAGE (loc. cit.) do not appear to give any details of 
depths, (but it seems likely that they worked in the intertidal) and collected 
only in March and April. Recording of depths is important in view of the fact 
that JACOBS et al. (loc. cit.) found that even in the intertidal the frequency 
of occurrence of Rhodophyceae increased with depth. 
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The almost complete lack of data of subtidal Zostera epiphytes limits compa- 
risons with other surveys since the latter appear to have all been carried out in 
the intertidal, 


Neither Plocamium nor Cladophora were recorded during either of the Ros- 
coff studies although both were of frequent occurrence in the current study and 
Cladophora has also previously been listed by other Irish workers as a Zostera 
epiphyte. Cladosiphon zosterae (J. Ag.) Kylin and Rhodophysema georgii Batt. 
were not found during the present study but were both noted by the authors 
on Zostera in Ventry, in June 1982 and in September 1982, respectively and 
were both listed by COTTON but not by REES. Similarly JACOBS et al. did not 
record the host specific Rhodophysema georgii during their investigation al- 
though it was found at Roscoff on several other occasions by them, by DAN- 
GEARD (1934), J. FELDMANN (1954) and by VAN DEN ENDE & HAAGE, 
and DEN HARTOG (1976). Likewise Audouinella (Acrochaetium) was not 
recorded at the time of this study although it was observed on other occasions 
by the authors. Ery throtrichia recorded by COTTON was not found. 


HARLIN stated that an epiphyte in «the general sense is any organism that 
lives upon a plant». However, in the current survey some species were found 
loosely interwoven with the rhizomes and/or dead leaf sheaths but were not 
included in the results as it was thought that their occurrence there was acci- 
dental. These included, Prilota plumosa (Huds.) C. Ag., Phycodrys rubens (L.) 
Batt. and Callophyllis laciniata (Huds.) Kütz. JACOBS et al. (loc. cit.) included 
Asparagopsis armata Harv. among their list of epiphytes but do not appear to 
have described either the stage (gametophyte or sporophyte) or relationship 
that this species had with the host plant, HISCOCK 8: HISCOCK (loc. cit.) 
also noted Falkenbergia phase of Asparagopsis armata attached to Zostera bases. 


According to JACOBS (1982) a seagrass ecosystem has to be regarded as a 
functional and structural unit and «the structural elements include (1) leaf- 
epiphytes (2) rhizome-epiphytes on the seagrass plants and (3) a mat of more 
or less loose-lying algae between the shoots» but he added that «in Zostera beds 
no algae are found on the rhizomes». Likewise VAN DEN ENDE & HAAGE 
did not find any epiphytes on the rhizomes and DEN HARTOG (1982) excluded 
«rhizomatic parts» of Zostera marina as a site for algal epiphytes while JACOBS 
et al. found no algae on the leaf sheaths, In contrast, the results of the present 
survey showed that the area of the rhizomes, roots and associated dead leaf 
sheaths, can be an important algal site, especially for diatoms. Enteromorpha 
was among the algae that was often found loosely associated with the rhizomatic 
parts but a careful examination of some material collected from Spike Island site 
showed that it was growing firmly attached beneath the surface of old dead 
parts of attached rhizomes as were some 2.5 m long Chorda filum (L.) Stackh. 
plants. 


Results of the present survey showed a variation in the epiphytic flora bet- 
ween stations but this is not surprising in view of the large number of abiotic 
factors that control the epiphytic components e. g. sediment scouring, water 
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movements, currents, light, nutrients, and temperatures. The effect of the Zos- 
tera leaves rubbing off each other and the ephemeral nature of Zostera i. e. the 
fact that the leaves rarely survive more than about eighty days probably also 
control the epiphytic components. 


‘The only species of Fosliella recorded by JACOBS et al. was F. lejolisii but, 
as they pointed out, since the crusts of this genus are difficult to distinguish it 
is not improbable that other species are present at Roscoff. In the current study 
due to the assistance given by CHAMBERLAIN some four species of the genus 
were recorded. These included Fosliella limitata (Foslie) Ganesan a species of 
rare occurrence reported by CHAMBERLAIN (1977) on Zostera marina near 
the Isle of Wight and apparently not previously recorded from Ireland. CHAM- 
BERLAIN (pers. comm.) encountered a new species of Fosliella on Zostera 
marina in 1981 and some of the Ventry material found during the present 
study is said, by CHAMBERLAIN, to also belong to this new species. The genus 
Fosliella showed a preference for the adaxial face although VAN DEN ENDE 
& HAAGE found no difference in the epiphytes on the two faces and JACOBS 
et al. found negligible differences in species richness and abundance between 
the leaf sides. JACOBS et al. and VAN DEN ENDE & HAAGE stated that since 
the leaves are upright they would not expect a difference. They are however, 
not correct in assuming equal orientation of both leaf faces. In situ observations 
show that in almost all mature leaves there is a distinction between leaf faces 
due to pronounced leaf curvature. Studies on the distribution of Fosliella and 
observations of other species support the findings of JACOBS et al. in that 
colonization of the Zostera leaves occurred nearer the tips and not near the bases 
as described by VAN DEN ENDE & HAAGE. 


There would appear to be an almost complete lack of knowledge of the 
epiphytes of subtidal Zostera and more detailed work on the seasonality and 
distribution of the epiphytes on the different parts of the Zostera is desirable 
from a number of subtidal Zostera beds not just in Ireland but elsewhere in 
western Europe to allow for comparison, 
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MISE EN ÉVIDENCE DE DIFFÉRENTS TYPES 
DE GLYCOPROTÉINES DANS UN EXTRAIT INHIBITEUR 
DE LA GAMETOGENESE CHEZ ENTEROMORPHA PROLIFERA, 
CHLOROPHYCEE MARINE 


Sigurdur JONSSON*, Marie-Héléne LAUR*, Liem PHAM-QUANG* 


RÉSUMÉ. — L'extrait hydrosoluble de thalles végétatifs de ГЕ. prolifera (Müller) J. Agardh 
inhibe la gamétogenése chez cette espéce. Des études biochimiques de cet extrait ont permis 
de mettre en évidence cing types de glycoprotéines, en deux groupes dont les poids molé- 
culaires sont respectivement de l'ordre de 25.000 et 43.000. Les fractions glucidiques sont 
représentées par le glucose, le fucose ou le rhamnose, le galactose et un peu de mannose, 
certains de ces sucres étant associés des acides sialiques (NANA). 


SUMMARY. — The water soluble extract from vegetative thalli of E. prolifera inhibits 
gametogenesis in this species. This extract was found to contain 5 types of glycoproteins, 
in two pools with molecular weight of about 25.000 and 43.000 respectively. The sugar 
components identified were glucose, fucose or rhamnose, galactose and traces of mannose, 
associated, in part, with sialic acids (NANA). 


MOTS CLÉS : glycoprotéines, inhibition, gamétogenése, Enteromorpha. 


INTRODUCTION 


Des études expérimentales ont permis de démontrer qu’il existe chez deux 
espéces de Chlorophycées marines, Ulva mutabilis (NILSEN et NORDBY, 1975) 
et Enteromorpha prolifera (JONSSON, 1977, 1983) un complexe inhibiteur 
de la reproduction. Cet inhibiteur, diffusible dans le milieu, réprime toute 
reproduction durant la vie végétative des algues, alors qu'après sa libération, 
réalisable sur le vivant, les cellules des thalles peuvent se transformer en gamétes 
où en spores, selon la phase du cycle. Des données plus anciennes suggèrent 
qu’il existe un contrôle négatif analogue dans diverses autres espèces d'algues 


* Laboratoire de Biologie Végétale Marine - Université Pierre et Marie Curie, Bâtiment I, 
4 place Jussieu, 75230 Paris Cedex 05. 
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(BÜHNEMANN, 1955; 
1960). 

La nature biochimique de l'inhibiteur a été étudiée dans le cas des sporo- 
phytes d'Ulva mutabilis (NILSEN et NORDBY, 1975). Il serait constitué de 
protéines à faibles poids moléculaires, associées à des polysaccharides sulfurés de 
type ulvine. Relativement instable vis-à-vis de la température, du pH, de l'éva- 
poration, cette substance serait aussi labile et partiellement volatile. 


ÓHLER. 1956; HUSTEDE, 1957; LERSTEN et VOTH, 


D'autre part, il a été démontré que le filtrat inhibiteur de la gamétogenese 
chez Enteromorpha prolifera contient des acides sialiques ou des glycoprotéines 
apparentées; ces composés sont localisés à la surface des cellules des thalles 
végétatifs (LAUR et JÓNSSON, 1983). 

L'objet du présent travail est de préciser la constitution des glycoprotéines 
de l'extrait inhibiteur de la gamétogenése de l'Enteromorpha prolifera. 


MATÉRIEL ET MÉTHODES 


Matériel et culture : Nos études portent sur les gamétophytes stériles de l'E. 
prolifera clonés en cultures à partir de zoospores quadriflagellées, et après 
induction expérimentale d’une seule plante sporophytique, selon une méthode 
déjà décrite (JONSSON, 1977, 1983; LAUR et JONSSON, 1983; voir tests 
biologiques). Les cultures sont d’abord placées A 16°C, dans de l’eau de mer 
enrichie (PROVASOLI, 1968), sous un éclairement blanc froid de 60 4Em?s”, 
en photopériodes de 16 / 8. Aprés une croissance rapide, durant deux semaines, 
les algues sont transférées à 8 C, ce qui a pour effet de les maintenir à l'état 
végétatif pendant plusieurs mois. 


Extraction : Environ 3 grammes de thalles frais, âgés de 3 mois, sont frag- 
mentés au hachoir électrique. Les morceaux tubulaires, longs d'environ 0,5 mm, 
sont soigneusement rincés à l'eau de mer, puis recueillis sur un tamis. Ces frag- 
ments, mis en suspension dans 100 ml d'eau de mer, sont alors soumis à une 
agitation modérée durant 5 heures. Le filtrat est récupéré aprés passage de 
la suspension sur verre fritté (n9 4). Toutes ces opérations sont menées à la tem- 
pérature du laboratoire. Une aliquote est prélevée pour juger du pouvoir in 
biteur du filtrat, dont le reste est utilisé pour les différentes analyses biochi- 
miques. 






Méthodes biochimiques : Le tableau I résume le protocole d'analyse suivi 
au cours de cette étude. 


La chromatographie sur colonne de verre (2 x 50 cm) garnie de gel Sephadex 
G 50 est réalisée à pH 7,2-7,4 (tampon phosphate). La colonne chromatogra- 
phique (2 x 10 cm) sur gel Sephadex G 200 superfine (tampon phosphate pH 
8,0-8,2) est couplée à un collecteur de fractions et à un spectrophotométre avec 
lectures des densités optiques à 280 puis 403 nm (Pharmacia). Avant la chroma- 
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TABLEAU I : Protocole des analyses biochimiques de l'extrait 
inhibiteur de la gamétogenése de 1'Enteromorpha prolifera . 


Extrait brut ( 100 ml ) 








y ۳ y 
Fractionnement sur Bioessai 
colonne Sephadex G50 
Réunion des fractions inhibitrices UU 
lére chromatographie sur gel 
Sephadex G 200 superfine; 
lecture à 280nm et 40 nm —___y Constitution 

de pools X et Y 
A A A MEC T 
Dialyse Réunion des pools X et Y 
Lyophilisation 2ème chromatographie sur 
Reprise par l'eau de mer gel Sephadex G 200 super- 
des pools X et Y fine ; lectures à 280 et 


|, 403 nm ; 


séparation des pools X et Y 
Bioessai des pools X et Y | 


y y Y 





Electrophoréses Hydrolyses des Chromatographie sur 
des pools X et Y pools X et Y ; gel Sephadex G 200 
chromatographie superfine; 
sur Dowex 40 détermination des 
| PM des pools X et Y 


Chromatographie sur papier, 
chromatographie sur couches minces 
des hydrolysats des pools X et Y 


y 


Caractérisation des sucres et des protéines 

des pools X et Y 
tographie, les deux types de colonne sont équilibrés toute une nuit à l’eau de 
mer. 

Deux sortes d'électrophoréses ont été réalisées : la première sur gel polyacry- 
lamide à gradient de saccharose dans un tampon tris-borate (pH 8,2) durant 
24h sous 50 v et colorations [bleu de Coomassie et acide périodique Schiff 
(P.A.S.)]; la seconde est une électrophorèse de zone à gradient de densité de 
saccharose, sur papier, tampon véronal sodique (pH 8,6, 16 h, 50 v) suivie, soit 
d'une coloration au noir amide, soit du test à l'orcinol chlorhydrique. 

Les poids moléculaires des fractions sont évalués, d'une part d'aprés les 
valeurs des densités optiques lues à 280 et 403 nm, et, par extrapolation, à partir 
des courbes obtenues pour des protéines connues (sérum albumine de bœuf : 
SAB, ovalbumine, lysozyme), d’autre part, à titre de contrôle, à l'aide de la 
série de calibrations des protéines (Kit Pharmacia). 
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L'analyse chimique des pools X et Y comporte une hydrolyse acide (SG4H, 
04 N, 1 h, 80"C) et neutralisation à pH 6 de l’hydrolysat. Après centrifugations 
séparées, les 2 surnageants sont chromatographiés sur Dowex 40 (colonne : 
1x8 cm, Dowex 40 (200-400 mesh) forme H*). Une première élution à l'eau 
distillée fournit les sous-fractions F 1 (200 ml), la seconde par l'acide formique 
(0,3 N), les sous-fractions F 2 (50 ml). Ces sous-fractions, dialysées contre l'eau 
distillée, lyophylisées, reprises par 2 ml d'eau distillée sont alors chromatogra- 
phiées [sur papier Whatman n9 3 (CP) et couches minces (CM)] en présence 
d'étalons internes et de témoins. 


Les hexoses sont recherchés par chromatographies sur papier et révélations à 
anthrone (SCOTT et MELVIN, 1953; DISCHE et SHETTLES, 1948, 1951), 
complétées par les lectures spectrophotométriques à 396 et 430 nm. Les hexo- 
samines (NAG) sont détectées selon la méthode modifiée de ELSON et MOR- 
GAN, utilisant le réactif de EHRLICH (DISCHE, 1962) et lectures des densités 
optiques à 530 nm. 


Les acides sialiques (NANA) sont décelés par action de Pacide thiobarbitu- 
rique avec lectures à 535 nm (WARREN, 1959), la paradiméthylaminobenzal- 
déhyde (pDMAB) (WERNER et ODIN, 1952) du réactif a Porcinol (SVENNER- 
HOLM, 1957 a et b) et de la diphénylamine (WERNER et ODIN, 1952). 


La détermination et la caractérisation complémentaire des protéines ont été 
réalisées selon la méthode de LOWRY et al. (1951) avec lectures à 750 nm, les 
réactions à la ninhydrine et au biuret avec lectures à 450 nm (GORNALL et 
al., 1949). 


Bioessais : L'extrait brut et ses différentes fractions sont essayés afin de 
juger de leur activité inhibitrice sur la gamétogenése. 


Environ 50 fragments d'algues stériles (10° cellules environ), âgées de trois 
mois, sont soigneusement rincés à l'eau de mer naturelle et placés dans la solu- 
tion d'eau de mer du produit à essayer. Un lot identique de fragments d'algues 
mis, lui aussi, en eau de mer, constitue le témoin, les volumes de milieu étant 
dans les deux cas égaux. 


Les bioessais sont effectués à 18°C, sous éclairement blanc froid fluorescent 
de 60 ym Em”? s* en photopériode 16 / 8. 


L'état de la gamétogenése est évalué dans les différents lots dès que le témoin 
fructifie, ce qui se réalise généralement au bout de trois jours. Les degrés d'inhi- 
bition s'apprécient en évaluant au microscope la surface stérile des fragments. 
Selon cette appréciation, les fragments sont répartis dans les classes d'inhibition 
suivantes ; classe 0 : 045; 5 : 1 à 1075; 30 : 11 à 5075; 70 : 51 à 9045100 : 91 
à 100 %. 

Le pourcentage d'inhibition s'obtient par la moyenne arithmétique des 
classes, selon une méthode inspirée de NILSEN et NORDBY (1975). La marge 
d'erreur entre séries expérimentales et parallèles est de 5 à 10 %. 
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RÉSULTATS 


La figure 1 met en évidence les taux d'inhibition présentés par les six frac- 
tions éluées sur gel de Sephadex G 50, à partir de l'extrait brut, comparative- 
ment à l'extrait brut et à l'eau de mer naturelle (témoin). 


INHIBITION % 
5 





1 2 3 4 5 6 fractions 


Figure 1. — Action des éluats issus de la chromatographie sur gel Sephadex G 50 (0-9), 
de l'extrait brut (©) et de l'eau de mer naturelle (8, témoins) sur la gamétogenese chez 
PE. prolifera. 


L'extrait brut bloque la gamétogenése á 80%, alors que Pinhibition est 
d'environ 20% pour le témoin placé en eau de mer naturelle seule. Après la 
chromatographie sur colonne, on constate que les deux premiers éluats inhibent 
fort peu la gamétogenése, alors que, pour les suivants (3, 4, 5 et 6), la moyenne 
atteint ou dépasse 50 %). 


Ces fractions actives (3 à 6), rassemblées, sont alors chromatographiées sur 
colonne de gel Sephadex superfine G 200. La figure 2 indique les valeurs des 
densités optiques des 80 sous-fractions, lues à 280 nm (fig. 2a), puis à 403 nm. 
(fig. 2b). Deux pics, désignés X et Y, émergent dans ces deux analyses, souli- 
gnant deux substances différentes. 
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: Constituants des glycoprotéines des fractions X et Y . 
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Figure 2. — Densité optique des 80 sous-fractions obtenues par chromatographie sur gel 


Sephadex G 50; a : lecture à 280 nm; b : lecture à 403 nm. 


Une aliquote de X et de Y, après dialyse, concentration, lyophilisation, 
redissolution dans l’eau de mer (2 ml) est soumise aux bioessais, parallèlement au 
témoin (fig. 3). Aprés trois jours d'essai, on constate que l'inhibition de la gamé- 
togenèse est nulle chez le témoin, tous les fragments ayant fructifié, mais elle 
est de 100 % pour les fragments placés dans les solutions provenant de X ou de 
Y. Toutefois, en prolongeant au-delà de trois jours le séjour des fragments dans 
les solutions X et Y, il y a levée progressive de cette inhibition qui devient alors 
totale en huit jours. 





ко مسن‎ 
x 
8 50 
Е 
5 
E43 
= 

témoins 
0 o 
1 2 3 4 5 6 7 8 jours 
Figure 3. — Bioessais des pools X et Y, aprés dialyse, lyophilisation et reprise à l'eau de 


mer, comparativement aux témoins placés à l’eau de mer naturelle. 
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Les fractions restantes des solutions X et Y font l'objet de différentes électro- 
phoréses, hydrolyse et de chromatographies. Les résultats sont consignés dans 
les tableaux Il et III, et illustrés par les figures 4 et 5. 


TABLEAU III : Caractérisations des constituants des fractions 
X et Y hydrolysées . 


+ = présent ; trace 1% ; О = раз de coloration positive. 
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= Biuret m 
Lowry 
PROTÉINES Ninhydrine 
Chromatographie CM 
| Biectrophorése Bleu de 
de Coomassie 
> Noir amide 
Thiobarbiturique ( NANA ) + * 
pDMAB( NAG ) trace 
GLUCIDES Glucose * ж 
Fucose ou 
осот Rhamnose + + 
PAS Mannose + + 
Galactose + | + 








Il apparaît que les pools X et Y, regroupés et purifiés par passage sur colonne 
de gel Sephadex G 200 superfine, lus au spectrophotométre (280 et 403 nm). 
contiennent des substances caractérisées par des vitesses d’élutions et des densi- 
tés optiques différentes (fig. 4). 

La fraction X (fig. 5, tableau II), dont le poids moléculaire est de l'ordre de 
25.000, est composée de trois types de glycoprotéines : G P, (Rf : 0,24), G P2 
(Rf : 0,50) et G P3 (Rf : 0,78). Les révélations (bleu de Coomassie et P.A.S.) 
indiquent que la glycoprotéine G Pa est la plus abondante. Ces glycoprotéines 
complexes sont formées de protéines, associées aux acides sialiques, aux hexoses 


tels que fucose ou rhamnose, glucose, galactose, avec traces de mannoses (ta- 
bleaux II et III). 
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- > 
fractions 


Figure 4. — Densité optique, lue à 280 nm et 403 nm, des pools X et Y regroupés (deu- 
xiéme chromatographie sur gel Sephadex G 200 superfine). 


Coloration au bleu de Coomassie ( BdC ) 
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Coloration au P.A.S. 


Figure 5. — Électrophorèses sur gel polyacrylamide à gradient de saccharose à pH 8,2, dans 
un tampon tris-borate (0,15 M, 50 v, 24h) des pools X et Y issus de la deuxième chro- 
matographie sur gel Sephadex G 200 superfine, après coloration au bleu de Coomassie 
et au P.A.S.; G1, G2, G3, Ga, Gs : différents types de glycoprotéines; D : dépôt du 
solvant; F : front du solvant. 


La fraction Y, de poids moléculaire apparent 43.000, comporte également 
trois glycoprotéines : G P, (Rf : 0,24), G P4 (Rf : 0,30) et G Ps (Rf : 0,70), 
cette derniére étant la plus abondante. Les constituants de ces diverses glyco- 
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protéines différent également de ceux de la fraction X, tant par leurs teneurs 
en protéines que par la nature et leur teneur en sucres (tableau II). 


L'analyse par les méme méthodes de l'eau de mer naturelle utilisée au cours 
de cette étude n'a permis, à titre de contróle, de déceler ni protéine, ni sucre. 


DISCUSSION 


H semble donc que la ou les substances inhibant la gamétogenése chez l'Ente- 
romorpha prolifera appartiennent à des glycoprotéines complexes, dont les 
composants-sucres différent, 


Nos résultats suggèrent que ces molécules sont fragiles car, après leurs sépara- 
tions (chromatographie, lyophilisation...), le pouvoir inhibiteur s'atténue 
considérablement. Cette constatation rejoint celle de NILSEN et NORDBY 
(1975) à propos de l'inhibiteur de la sporulation de PUlva mutabil 





Les résultats donnés ici sont relatifs à une série d'expériences et d'analyses. 
D'autres séries ont conduit à des variations dans les estimations. Par exemple, 
nous avons noté que, si la colonne chromatographique (gel Sephadex G 50, 
tampon phosphate) est utilisée sans équilibrage préalable à l'eau de mer (au 
moins 12 h), les premiers éluats, à partir de l'extrait brut, sont létaux. Il en est 
de même des premières fractions récoltées par chromatographie de l'eau de mer 
naturelle seule. Dans ces deux cas, c’est probablement le tampon phosphate 
qui intervient et entraîne la mort des algues. 


La levée d’inhibition de la gamétogenèse constatée après un contact prolongé 
avec les substances X et Y (cf. figure 3) pourrait être due à une variation du pH, 
voire à la dénaturation des inhibiteurs par des facteurs encore inconnus, endo- 
gènes ou exogènes, 


Des glycoprotéines interviennent à différents niveaux dans la reproduction 
chez les algues. STARR et JAENICKE (1980) rapportent, chez Volvox carteri 
f. nagariensis, la présence d'une hormone sexuelle mále constituée d'une glyco- 
protéine (PM : 25.700 à 30.000 d) ne comportant qu'une chaine de polypep- 
tides et une teneur élevée en sucres (45 %), dépourvue d’acides uroniques et de 
désoxysucres. Cette hormone induit la sexualisation des gonidies (JAENICKE, 
1984). Des glycoprotéines, hautement spécifiques, interviennent aussi dans le 
mécanisme de contact entre les cellules sexuelles chez Chlamydomonas, en assu- 
rant leur agglutination (WIESE et WIESE, 1975; KLIS et al., 1984), WILLIAMS 
(1981) a montré que ces substances renferment du N -acétylgalactosamine. 
L'action de ces glycoprotéines paraît essentiellement inductrice et non pas 
inhibitrice comme chez l'E. prolifera. Il faut aussi signaler que certaines hor- 
mones sexuelles identifiées chez les algues ne sont pas de nature glycoprotéique. 
Ainsi les substances responsables de l'attraction. des gamétes chez les algues 
brunes seraient des oléfines ou des hydrocarbures insaturés (MÜLLER et al., 
1982: MAIER et MÜLLER, 1984). 
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Différents types de glycoconjugués, surtout des glycoprotéines, ont mainte- 
nant pô être mis en évidence à la surface des cellules végétatives dans divers 
groupes d'algues à l'aide de lectines (von SENGEBUSCH et MÜLLER, 1983). 
Chez le Dunaliella tertiolecta cette méthode a révélé l'existence de glycopro- 
téines membranaires oà le composant-sucre est essentiellement formé de l'acide 
sialique et/ou du N-acétyl-D-glucosamine (KLUT et al., 1983), ce qui est en ac- 
cord avec nos résultats concernant la présence d'acide sialique à la surface des 
cellules végétatives de l'E. prolifera (LAUR et JONSSON, 1983). 


La fonction des glycoprotéines membranaires est encore mal élucidée chez 
les végétaux. Nos études chez PE. prolifera montrent que les glycoprotéines 
pourraient intervenir dans le contrôle de l'induction de la reproduction à titre 
inhibiteur, L'élimination de telles glycoprotéines déclencherait l'initiation 
des phénomènes biochimiques de dédifférenciation des cellules végétatives 
conduisant à la formation de gamétes ou spores, 


RÉFÉRENCES BIBLIOGRAPHIQUES 


BÜHNEMANN F. 1955 — Untersuchungen über einen Sporulations- und Wachstums - 
hemmstoff in Oedogonium-Kulturen. Arch. Mikrobiol. 23 : 14-27. 

DISCHE Z., 1962 — Color reactions of hexosamine. In WHISTLER R.L, et WOLFROM 
M.L. (Eds.) Methods in carbohydrate chemistry, Acad. Press, N.Y. et London, vol. I. 
507-512. 

DISCHE Z. et SHETTLES L.B., 1948 — A specific color reaction of methylpentoses and a 
spectrophotometric micromethod for their determination. J. Biol, Chem. 175 : 595-603. 

DISCHE Z. et SHETTLES L.B., 1951 — A new spectrophotometric test for the detection 
of methylpentose. J. Biol, Chem. 192 : 579-582, 

GORNALL A.G., BARDAWILL CJ. er DAVID M.M., 1949 — Determination of serum 
proteins by means of the biuret reaction. J. Biol. Chem. 177 : 751-766. 

HUSTEDE H., 1957 — Untersuchungen über die stoffliche Beeinflussung der Entwicklung 
von Stigeoclonium falklandicum and Vaucheria sessilis durch Tryptophanabkémmlinge. 
Biol. Zentralbl. 79 : 555-595. 


JAENICKE L., 1984 — Signals and events in the differentiation of Volvox., 4e Congrès de 
Ja fédération des Sociétés Européennes de Physiologie Végétale, Strasbourg, 29/7 à 3/8 
1984 : 357-358. 

JÓNSSON S., 1977 — Contrôle expérimental de la gamétogenése chez l'Enteromorpha 
prolifera, Chlorophycée marine. Compt. Rend. Hebd. Séances Acad, Sci. 285 : 709-711. 

JONSSON S., 1983 — Effets de la lumière colorée et de quelques autres facteurs sur la 
formation des gamètes chez l'Enteromorpha prolifera, Chlorophycée marine. J. Mar. 
Res. Instit. (Reykjavik) 7 :61-72. 

KLIS F.M., SAMSON M.R., van ETTEN 1., MUSGRAVE A. et van den ENDE H., 1984 — 
Glycoproteins mediating sexual agglutination in the unicellular alga Chlamydomonas 


Source : MNHN, Paris 


264 S. JONSSON, M.-H. LAUR, L. PHAM-QUANG 


eugametos. Identification of the mË agglutination factor. 4e Congrès de la fédération 
des Sociétés Européennes de Physiologie Végétale. Strasbourg 29/7 à 3/8 1984 :359. 


KLUT M.E., BISALPUTRA T. et ANTIA N.J., 1983 — Agglutination of the chlorophycean 
flagellate Dunaliella tetriolecta by treatment with lectins or divalent cations at alkaline 
pH. J, Phycol, 19 : 112-115. 

KOHLER K., 1956 — Entwicklungsgeschichte, Geschlechtsbestimmung und Befruchtung 
bei Chaetomorpha. Arch. Protist. 101 : 223-258. 


LAUR M.H. et JÓNSSON S., 1983 — Détection d'acides sialiques ou de substances appa- 
rentées chez Enteromorpha prolifera (Müller) J. Agardh. Cryptogamie, Algologie 4 : 
105-110. 

LERSTEN N.R. et VOTH P.D., 1960 — Experimental control of zoid discharge and rhizoid 
formation in the green alga Enteromorpha. Bot. Gaz. 122 : 33-45. 


LOWRY O.H., ROSEBROUGH N.J., FARR A.L. et RANDALL R.J., 1951 — Protein mea- 
surement with Folin phenol reagent. J. Biol. Chem. 193 : 265-275. 


MAIER I. et MULLER D.G., 1984 — Pheromone action and specificity in sexual reproduc- 
tion of brown algae of the order Laminariales. 4e Congrés de la fédération des Sociétés 
Européennes de Physiologie Végétale. Strasbourg 29/7 à 3/8 1984 : 361. 


MULLER D.G., PETERS A., GASSMAN G., BOLAND W., MARNER F.-J. et JAENICKE 
L,, 1983 — Identification of a sexual hormone and related substances in the marine 
brown alga Desmarestia, Naturwissenschaften 69 : 290-291. 


NILSEN G. et NORDBY @, 1975 — A sporulation-inhibiting substance from vegetative 
thalli of the green alga Ulva mutabilis, Fdyn. Planta 125 : 127-139. 


PROVASOLI L., 1968 — Media and prospects for cultivation of marine algae. Proc. U.S. 
Jap. Conf. Hakone, Sept. 1966. Jap. Soc. Pl. Physiologists : 63-75, 2 tab. 


SCOTT T.A, et MELVIN E.H., 1953 — Determination of dextran with anthrone. Analyt. 
Chem. 25 : 1656-1661. 


SENGBUSCH, P.y. et MULLER U.. 1983 — Distribution of glycoconjugates at algal cell 
surfaces as monitored by FITC- conjugated lectins. Studies on selected species from Cya- 
nophyta, Pyrrhophyta, Raphidophyta, Euglenophyta, Chromophyta and Chlorophyta. 
Protoplasma 114 : 103-113. 


STARR R.C. et JAENICKE L., 1974 — Purification and characterization of the hormone 
initiating sexual morphogenesis in Volvox carteri f. nagariensis Iyengar (glycoprotein). 
Proc. Natl. Acad. Sci. USA 71 : 1050-1054. 


SVENNERHOLM L., 1957a — Quantitative estimation of sialic acids. 1. A colorimetric 
method with orcinol-chlorhydric acid (Bial’s) reagent. Archiv Kemi 10 : 577-596. 

SVENNERHOLM L., 1957b — Quantitative estimation of sialic acids. II. A colorimetric 
resorcinol-hydrochloric method. Biochem. Biophys. Acta 24 : 604-611. 


WARREN L., 1959 — The thiobarbituric acid assay of sialic acid. J. Biol. Chem. 234 ; 1971- 
1975. 


WERNER I. et ODIN L., 1952 — On the presence of NAG-NANA in certain glycoproteins 
‘and in ganglioside. Acta Soc. Med. Upsal. 57 :230. 





WIESE L. et WIESE W., 1975 — On sexual agglutination and mating substances in isoga- 
mous dioecious Chlamydomonads IV. Unilateral inactivation of the sex contact capacity 
in compatible and incompatible taxa by @ - mannosidase and snake venom protease. 
Dev. Biol. 43 : 264-276. 


WILLIAMS L.A., 1981 — A functional structure of the (.)mating type substance in 
Chlamydomonas, J. Phycol. 17 (suppl) :3. 


Source : MNHN, Paris 


Cryptogamie : Algologie, 1985, VI, 4 : 265-272 265 


THE OCCURRENCE OF LICHEN PHENOLICS 
AND THEIR CATABOLITES IN A FREE-LIVING ALGA, 
LOBOPHORA VARIEGATA (PHAEOPHYTA) 


Maria Estrella LEGAZ", C. VICENTE* and L. XAVIER FILHO** 


ABSTRACT. — Lobophora variegata (Lamouroux) Womersley, a free-living alga, contains 
several phenolics which have been, as yet, considered as lichen products, as usnic acid does. 
In addition, orcinol, phloroglucinol and salicylic acid have been identified by TLC, HPLC 
and microcrystal test. 


KEY WORDS : lichen phenolics products, Lobophora variegata, Phacophyta. 


INTRODUCTION 


Depsides, depsidones and dibenzofurans, including usnic acids, are phenols 
produced by the fungal partner of lichens, although the symbiosis state is always 
required in order to synthesize these compounds. This is in agreement with the 
failure in the production of these phenolics by isolated mycobionts, although 
there are several workers that claim to have been successful in this problem. 
CASTLE and KUBSCH (1949) describe that the isolated mycobiont of Cladonia 
cristatella produces usnic, didymic and rhodocladonic acids but no experimental 
evidences are brought forward. In addition, these results could not be duplicate 
for other authors (AHMADJIAN, 1980). Squamatic acid is synthesized by the 
cultured mycobiont of C. crispata after irradiation of the thallus with UV light 
(EJIRI & SHIBATA, 1975). Data about the synthesis of D-usnic and salazinic 
acids by the mycobiont of Ramalina crassa are extremely contradictory (KO- 
MIYA & SHIBATA, 1969; KUROKAWA et al., 1969). 

It is possible that the synthesis of these compounds was really achieved by 
isolated mycobionts but the products could not be detected if they were rapidly 


* Department of Plant Physiology, The Lichen Team. Faculty of Biology, Complutense 
University, 28040 Madrid, Spain. 


** Laboratorio de Tecnologia Farmacéutica, Universidade Federal da Paraiba, 58000 Joao 
Pessoa, Pb. Brazil. 
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hydrolyzed. This is suggested by the fast hydrolysis of lecanoric acid, produced 
by the free-living fungus Pyricularia to orsellinic acid which is secondly conver- 
ted into orcinol (UMEZAWA et al., 1974). Another free-living fungus, Asper- 
gillus terreus, produces the depside 4-0-demethyl barbatic acid (YAMAMOTO 
et al., 1976), although they are, as yet, lonely cases. 


The occurrence of these phenolics in algae, including both isolated and 
associated photobionts, has never been reported, It can only be accepted that 
certain amounts of these compounds can be translocated from the mycobionts, 
where they are produced, to the photobiont cells (AHMADJIAN & JACOBS, 
1983; VICENTE et al., 1983). The role of algae in the symbiosis, required to 
achieve the synthesis of phenols, concerns to the supply of an inhibitor of 
phenolic acid decarboxylases (MOBACH & SCHULTZ, 1971), which is pro- 
duced by the photobiont and translocated to the mycobionts, where it would 
then prevent the use of monocyclic precursors in the production of bicyclic 
phenols by inhibiting the action of fungal biosynthetic enzymes (CULBERSON 
& AHMADJIAN, 1980). 

In this work, usnic acid and several single phenols have been identified in 
cell-free extracts of the free-living alga, Lobophora variegata. 


MATERIAL AND METHODS 


Lobophora variegata J. Ag, was collected in the Tambai Beach (Pariba, 
Brazil). Dry thallus was extracted with pure methanol and analyzed by TLC 
and HPLC. Thin layer chromatograms were developed on Merck Silica Gel 60 
plates of 16 cm height. The solvent system was benzene:dioxane:acetic acid 
(90:25:4 v/v), according to CULBERSON & KRISTINSON (1970). The deve- 
loped plates were air-dried examined under UV light (366 nm) or sprayed with 
10% H2SO4 and heated at 110°C until colour developed. D-usnic acid (Laako, 
Finland), orcinol, salicylic and evernic acids (Sigma) and phloroglucinol (Merck) 
were used as standards. 

Methanolic extract was also used for HPLC analysis (LEGAZ & VICENTE, 
1983) in a Varian 5000 liquid chromatograph equipped with a Vista CDS 401 
computer. Chromatographic conditions were as follows : reverse phase column, 
300 x 4 i. d., packed with micro-Pak MCH-10; mobile phase, acetic acid: water 
(2:98 vív):methanol (20:80 v/v); flow rates (and pressures), 0.5 ml.min” 
(125 atm), 1.0 ml-min”' (164 atm) and 1.5 ml»min” (225 atm); temperature, 20°C; 
absorbance range, 0.05; detector, UV set at 254 nm; internal standard, evernic 
acid, 0.1 mg:ml” . Standards were the same above described. 

Microcrystal test was performed according to ASAHINA & SHIBATA (1954) 
by using 2 75 benzidine in ethanol. 


RESULTS 


Analysis by TLC, using as mobile phase benzene:dioxane:acetic acid, of the 
methanolic extract of L, variegata indicates the existence of a high proportion of 
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phenolic compounds that develop colour with sulfuric acid after heating. Chro- 
matographic characteristics of these compounds are shown in Table 1. Three 
of these substances can undubitably be identified since their mobility on thin 
layers, their fluorescence under UV light and colour reactions are almost identi- 
cal to those found for the markers. They are phloroglucinol, orcinol and salicylic 
acid, A spot which shows great mobility on this layers (Rf = 0.92) coincides 
with usnic acid but the compound isolated from algal extract produces a strong 
reddish fluorescence under UV light whereas the marker clearly acts as a quen- 
cher of fluorescence. However, the formation of microcrystals with benzidine 
(Fig. 1) indicates that L. variegata contains some amount of this last phenol. 





Fig. 1. — Microcrystals obtained with 2 % benzidine from a sample of D-usnic acid (A) and 
from the algal extract (B). 
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Table 1. — TLC separation of algal phenolics and standards. 

















Algal extract R£ Colour with H2504 Fluorescence 
1.0 brown red 
0.97 brown ted 
0.95 brown тей 
0.92 pale brown red 
0.90 violet red 
0.83 heavy violet red 
0.80 - blue 
0.60 - blue 
0.55 yellowish : 
0.20 yellowish 
Markers 

Usnic acid 0.92 pale brown quencher 

Salicylic acid 0.60 SS blue 

Orcinol 0.55 yellowish i 

Phloroglucinol 0.20 yellowish - 








Relative retention time of the markers in HPLC, as well as that of the internal 
standard, evernic acid, is summarized in Table 2. A flow rate of 0.5 ml-min'! has 
been chosen because phloroglucinol and orcinol individually separate as two well 
defined peaks from a equimolar mixture at this flow rate value. The peak of 
phloroglucinol coalesces with that of orcinol when the markers are chromato- 
graphed together at a flow rate of 1.0 ml-min™ (Fig. 2). 


Table 2. — Retention time in HPLC of the phenolics used as markers 


Compound Retention time Relative retention time 
(min) (min) 

Phloroglucinol 4.55 0.81 

Orcinol 5.06 19 

Salicylic acid 6.16 2.42 

Usnic acid 8.12 6.86 


The occurrence of monocyclic phenols in the methanolic extract of L. 
variegata is confirmed in this way. Both phloroglucinol and orcinol conveniently 
separate (Fig. 3A) but salicylic acid shows a retention time value slightly lower 
than that found for the marker. Nevertheless, when the algal extract is loaded 


with 1.0mg-ml-! salicylic acid, a sole peak at 6.1 min strongly increases 
(Fig. 3 B). 
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Fig. 2. — Chromatographic traces in HPLC of the different markers. In A) phloroglucinol 
(1), orcinol (2), salycilic acid (3) and evernic acid (4), this last one as internal standard, 
were chromatographed from a mixture containing 0.1 mg-ml” of each one at flow rate 
of 0.5 ml-min™. In B), 1.0 mg:mI! D-usnic acid (5) was chromatographed at a flow 
rate of 1.5 ml-min™!. s =solvent; i= injection. 





Usnic acid shows the best resolution pattern as a gaussian peak when flow 
rate is increased up to 1.5 ml-min’', with a retention time value of 8.12 min 
(Fig. 2). Algal extract shows a minor peak with a retention time value of 8.37 
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Fig. 3. — Chromatographic traces obtained by HPLC from algal extracts at a flow rate of 0.5 ml-min'! (A and B) and 1.5 ml'min™ (C and D). 
Two unknown substances (u), phloroglucinol (1), orcinol (2) and salicylic acid (3) are separated in A). In B), the extract was loaded 
with exogenous salicylic acid. Traces of usnic acid were detected in C), the peak of which selectively increased by adding exogenous D- 
usnic acid to the extract (D). 
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min (Fig. 3C), which is enhanced when the sample is loaded with 1.0 mgwal* 
usnic acid (Fig. 3D). 


DISCUSSION 


Identification of three monocyclic phenolics from L. variegata extract, phlo- 
roglucinol, orcinol and salicylic acid, does not imply any problem in TLC. 
However, usnic acid is not revealed by this procedure, although a spot appears, 
of the R£ value of which is identical to the marker. Some doubts exist about 
the nature of this compound since usnic acid behaves as a quencher of fluores- 
cence (CULBERSON & KRISTINSON, 1970) whereas the substance from L. 
variegata emits red fluorescence under UV light. It is possible that usnic acid 
occurs in this alga, as deduced from the microcrystal test, although this com- 
pound does not separate by TLC from another one which fluoresces. Thus, the 
quencher ability of usnic acid is masked. This is expected because of the high 
number of algal phenols which appear near the end of developed chromatogram, 
with Rf values from 0.9 to 1.0. This problem remains unresolved when benzene: 
chloroform or toluene:acetic acid are used as mobile phase (CULBERSON & 
KRISTINSON, 1970). However, usnic acid is perfectly separated by HPLC. 
Thus, its occurrence in L. variegata can be assured. 


A secondary evidence about the occurrence of this phenolic is the presence 
of phloroglucinol in the methanolic extract. Usnic acids are produced from two 
units of methylphloroacetophenone (TAGUCHI et al., 1969), which can cata- 
bolize to phloroglucinol, although this last one can directly be produced from a 
8-carbon polyketide chain through a phloroglucinolic cyclasation (CULBER- 
SON, 1969). It is even probable that the non-identified peak by HPLC with a 
retention time value of 4.1 min could be a catabolite of phloroglucinol, which 
is enzimatically degraded by free-living fungi (WALKER & TAYLOR, 1983). 

Similar catabolic origin have both orcinol and salicylic acid. These are degra- 
dative products of both orsellinic and 6-methylsalicylic acids, respectively, 
which are produced by the action of two different aromatic acids synthetases 
(GAUCHER & SHEPHERD, 1968). It has been reported that an orsellinic acid 
decarboxylase exists in lichenized algae (MOSBACH & EHRENSWARD, 1966; 
MOSBACH & SCHULTZ, 1971), the action of which produces orcinol from 
orsellinic acid, and that it plays a main role in the symbiosis lichen state (CUL- 
BERSON & AHMADJIAN, 1980) but, as yet, this has not been reported from 
free-living algae. 
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MUTAGENIC EFFICACIES OF TRIACONTANOL 
IN CHARA BRAUNII Gm. (CHAROPHYTA) WITH REFERENCE 
TO ITS APPLICATION IN CHROMOSOME ANALYSIS 


S.K. BHATNAGAR and MEENAKSHI JOHRI* 


ABSTRACT. — 1-Triacontanol, a saturated primary alcohol, has been investigated for its 
mutagenic and radiometric activities on Chara braunii (n = 14) for the first time. The nu- 
clear and chromosomal aberrations like micronuclei, trinucleate cells, chromosome forward, 
scattered metaphase, chromatid separation, laggard chromosomes, spindle shifting, chromo- 
some condensation, chromosome clumping, chromosome clearity and chromosome groups 
at metaphase were recorded. The application of triacontanol in chromosome analysis has 
been suggested. 


RESUME. — Le triacontanol, alcool primaire saturé, a été expérimenté en raison de ses 
actions mutagéne et radiométrique sur Chara braunii (n = 14) pour la première fois. Des 
anomalies nucléaires et chromosomiques ont été observées, telles que micronoyaux, cellules 
trinucléées, chromosome «trainard», métaphase dispersée, chromatides séparées, fuseau 
anormal, chromosomes raccourcis ou agglutinés, chromosomes par groupes à la métaphase, 
etc. Les effets du triacontanol pourraient être utilisés dans l'analyse chromosomique, 


KEY WORDS : Charophyta, chromosomal aberrations induced by 1-Triacontanol. 


INTRODUCTION 


1-Triacontanol, a saturated primary alcohol, is represented by the molecular 
formula CH3 (CH2)23 CH; OH and its molecular weight is 438. 80. It was iso- 
lated from a phanerogam, Medicago sativa L. (alfalfa or lucern) of family Fa- 
baceae. 

The present available literature on algae (ABBAS, 1963; BHATNAGAR, 
1981; CHATTERJEE and SHARMA, 1972; DELAY and CARPENTIER, 1955; 
DODGE, 1964; MOUTSCHEN, DAHMEN and GILLET, 1956; NOOR, 1966; 
SARMA, 1957, 1960, 1962; SARMA and CHAUDHURY, 1976; SARMA and 
TRIPATHI, 1973, 1974 a, b, 1976 a, b; SHYAM and SARMA, 1976; SINHA, 


* Laboratory of Algal Cytogenetics and Mutation Research, Department of Botany, Bareilly 
College, Bareilly - 243 001, India. 
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TABLE I 


Name of the chemical : Triacontanol (TRICA) 
Molecular formula : CH3(CH2)23 CH2OH 


Molecular Weight : 438. 80 
Solvent : Distilled water 


Concentrations used : Control, 0.25 ppm, 0.50 ppm, 0.75 ppm, 1.00 ppm. 
Experimentation period : 1.00 hr, 2.00 hrs, 3.00 hrs, 4.00 hrs. 

Experimental plant : Chara braunii Gm. 
Chromosome number : n — 14 


Chromosomal aberrations : 





Control 1 ppm 


Concentrations 
0.75 ppm 


0.50 ppm 





1234 1234 


Duration of the treatment (in hrs) 


1 


ors 4 1 


2 


9 4 ITE C A 





ABERRATIONS OBSERVED 
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Abbreviations : : enlarged nucleus. : scattered metaphase 





micronuclei 


: mitotic delay 


lethal effects 
dumb-bell shaped cells 


: trinucleate cells 
: chromosome forward 





: chromatid separation 


: laggard chromosome 
chromosome condensation 
hromosome clumping 
chromosome groups 

: chromosome clearity 
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1960; SINHA and AKHAURAY, 1970; SINHA and SINHA, 1971; TURNER, 
1970) indicates clearly that there is absolutely no work on effect of triacontanol 
on any of the algal groups. The present investigations are therefore pioneer for 
group of macrophytes. 


MATERIAL AND METHODS 


Triacontanol was procured from Sigma Laboratories (U. K.) and the living 
specimens of Chara braunii were collected from Balapur village in Bareilly 
district of U. P. India, during December - January 1984. The plants were main- 
tained in soil - water culture medium prepared by sterilized soil and water of 
the same pond. Various concentrations of triacontanol were prepared in distilled 
water. Young growing plants were transferred to these fractions for varying 
periods followed by the thorough washing in distilled water and subsequent 
fixation in 1:2 acetic - alcohol (Carnoy's fluid). After 24 hours, the fixed fertile 
tips were transferred to 70 % alcohol. GODWARD’s (1948) iron - alum aceto- 
carmine method and feulgen were used separately for smearing. Microphoto- 
graphs were taken for the nuclear abnormalities from temporary preparations 
which were made permanent subsequently by using tertiary butyl alcohol and 
euparal schedule. Six plants were fixed without treatment at regular intervals 
for comparison along with the fixation of six treated plants in each replicate. 


OBSERVATIONS AND DISCUSSIONS 


As revealed by Table I, the mitotic cycle of Chara braunii (n — 14) was in- 
fluenced notably at various stages and remarkable genomic mutations have been 
recorded. A comprehensive study of these effects is described below. 


A. Interphase : 


During interphase, no visible mutations could be observed but in 0.5 and 
0.25 ppm (parts per million) for 2 and 4 hours respectively, the interphase 
nuclei were enlarged having prominent dot like chromatin along with two darkly 
stained bodies in close vicinity with the nucleous in almost all the cells. Concen- 
tration beyond 0.5 ppm showed lethal effects. 


B. Prophase : 

With the onset of mitotic division, triacontanol enters into the cell cycle 
of antheridial filaments and detain the divisional stages resulting into the mitotic 
delay (0.75 ppm for 2 hrs and beyond). Formation of micronuclei by the frag- 
mentation of chromatin network into smaller units was quite frequent in 0.5 ppm 
for 2 hrs. The frequency of micronuclei increased subsequently with an increase 
in concentration and the duration of treatment upto 0.75 ppm for 1 hr (very 
rarely 2 hrs). The treatment of 0.75 ppm for 4 hrs and more yielded dumb-bell 
shaped cells. 
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Plate 1. — Chara braunii Gm. A : chromosome forward. B : chromatid separation. C : 
scattered metaphase. D : chromatin bridge. E : trinucleate cells. 
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C. Metaphase : 


During this stage of cell division, maximum aberrations were recorded per- 
haps due to the appreciably large and prominent chromosomes, their attachment 
with the spindle fibres, etc. The occurrence of chromosome forward (cf), scat- 
tered metaphase (sm), chromatid separation (cs), chromosome condensation (cc) 
and clearity of chromosomes during metaphase indicate clearly the influence of 
triacontanol on the spindle fibres and their morphogenesis. Almost all the meta- 
phasic aberrations were found in the treatments of 0.25 and 0.5 ppm for 4 hrs 
and 2 hrs respectively. The treatment of 0.5 ppm beyond 3 hrs only shows 
some micronuclei and some dumb-bell shaped cells. The optimum aberrations 
were in 0.25 ppm for 4hrs. Condensation of chromosomes and chromatid 
separation are the effects which may help appreciably in karyotypic investi- 
gations and chromosome analysis (Pl. 1, A - B -C). 


D. Anaphase : 


The movement of chromosomes towards different poles under the influence 
of spindle metabolism seems to be influenced much by triacontanol. Chromo- 
some breakage, though not observed quite distinctly during metaphase, leaves 
some acentric chromosomes. During polar movement of chromosomes, such 
chromosomes in absence of a centromere do not move towards any of the poles 
and remain as such at the equatorial plate. The frequency of these laggards 
was maximum in 0.25 ppm for 2.00 hrs and 2.30 hrs which constantly dete- 
riorated with an increase in the period of treatment ultimately producing lethal 
results. A few cells having laggards were also seen in 0.5 ppm for 3 hrs. Splitting 
of spindles during anaphase results into the formation of four groups of the 
chromosomes. Chromatin bridges during anaphase were rarely seen in 1hr 
treatment of 0.75 ppm (Pl. 1, D-E). 


E. Telophase : 


Complete mitosis upto the stage of telomere formation and the formation 
of spermatozoids was not seen perhaps due to lethality of triacontanol during 
long treatments. Many cells were deformed and did not retain viability. The 
living plants in 0,25 ppm (after 5 hrs), in 0.5 ppm (after 4.30 hrs), in 0.75 ppm 
(after 2 hrs) and in 1 ppm (after 1.30 hr) were not looking healthy and were 
at the verge of disintegration. 


An overall observation of triacontanol activity during mitotic cycle in Chara 
braunii shows an increase in the frequency of chromosomal aberrations with 
an increase in concentration and duration of treatment constantly upto point «M» 
(Pl. 2). A steep downfall in the frequency can be seen between 0.25 ppm and 
0.5 ppm. 


‘The system of classification propounded by WOOD and IMAHORI (1965) 
for world Charophytes is based entirely on gross morphological features which 
is not true in many cases on karyological grounds as discussed in sufficient 
detail by various Charologists (cf. BHATNAGAR, 1981, 1983). The karyotypic 
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Plate 2. — AB : types of aberrations. AC : concentrations (in ppm) and duration (in hr). 


investigations in numerous Charophytes genera also showed a high degree of 
variability within the same forma. The authors are of the view that these dis- 
parities in the karyotype were due to the lack of a definite method for locating 
centromeric position. In the past years, it could be done merely from the ana- 
phasic configuration and by the shape of chromosomes at the poles. We also 
admit the practical problems with the previous workers in deciding the exact 
position of centromere in algal chromosomes owing to a high degree of cons- 
pecificity of chromosomes in this group. 


The degree of chromosome susceptibility towards various radiomimetic 
substances, mutagens and radiations can help a lot in deciding the evolutionary 
sequence and speciation within this group like numerical mutations (polyploidy). 
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The polyploid races are treated as most evolved and in the same way, the res- 
ponse of Charophytic chromosomes towards inducing agents may help in diffe- 
rentiating the evolved and primitive forms of a species. 
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ULTRAESTRUCTURA DE STROMBOMONAS BOURRELLYI 
NOV. SP. (EUGLENOPHYTA) EN M.E.B. 


G. TELL y V. CONFORTI* 


SUMMARY. — In this paper the authors describe a new species of the genus Strombomonas 
Defl., S. bourrellyi nov. sp., from northeastern Argentina. A detailed study of the wall of 
the lorica by means of S.E.M. is presented. The form and structure of the lorica's wall are 
described for the first time in the genus Strombomonas. Agglutined particles were observed 
on the wall's surface. 


Este trabajo forma parte de uno mayor, sobre el relevamiento florístico y 
ultraestructura de las Euglenophyta de la provincia del Chaco (Argentina). En 
esta opurtunidad presentamos una nueva especie (Strombomonas bourrellyi 
Tell et Zalocar nov. sp.) y. además, los resultados obtenidos sobre el estudio de 
la ultraestructura de sus lórigas en microscopio electrónico de barrido (M.E.B.). 


Nuestra nueva especie, además de presentar una morfología de sus lórigas 
completamente distintas de las de todas las especies registradas, por el hecho de 
aglutinar partículas, también presenta, en M.E.B., una estructura diferente de 
las descriptas hasta el momento (ROSOWSKI et al., 1975a, 1975b; TELL y 
COUTÉ, 1980; COUTÉ y ILTIS, 1981). 





Strombomonas bourrellyi Tell et Zalocar nov. sp. 


Lorica ellipsoidea vel elongato-ellipsoidea, polo posteriore patulo subsphericae 
formae et anteriore praelongate recto collo, cum ora in extremo libero. Paries scaber, 
tuberculis abundans, perforate. Paries loricae cum glutinatae particulae. Chroma- 
tophora plura, cum pyrenoido. Long. tot. loricae : 4247 um; crassitudo loricae : 
16-18 um; long. colli : 4-5 um; diam. colli : 7-8 um. 

Iconotypus : figura nostra: 11a. 

In Lapacho palude, regionis Corrientes, Argentina, 22/1V/80. 


* Depto. Cs. Biológicas, Fac. Cs. Exactas y Naturales. 1428 Buenos Aires, Argentina. 
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Las lórigas son ventricosas, con el extremo caudal ensanchado en una porción 
subesférica y el anterior prolongado en un cuello recto que, en su extremo libre, 
se dilata en un borde irregular. La pared de la lóriga es perforada, muy irregular, 
de aspecto escabroso hasta algo tuberculada, La estructura de la pared es seme- 
jante tanto en la parte externa como en la interna de la lóriga, conservando, 
en toda la extensión de ambas superficies, su notable irregularidad y aspecto 
escabroso tosco. En algunos ejemplares la lóriga puede presentar, en toda su su- 
perficie, en ambos, o en sólo uno de los extremos, prolongaciones tuberosas 
irregulares, lo que aumenta su aspecto tosco, Además del aspecto escabroso de 
la pared, en muchos ejemplares se observa, en los documentos fotográficos 
tomados en M.E.B., que pueden aglutinar partículas del medio. Esta caracte- 
rística, tan común en algunos otros organismos acuáticos, se observa por primera 
vez en el género Strombomonas. 


Cabe señalar que al microscopio óptico, el aspecto de las lórigas es típica- 
mente escabroso lo que nos induce a pensar que, muchas especies descriptas 
con ese tipo de ornamentación presenten, en un examen más detallado en micro- 
scopía electrónica, particulas aglutinadas. Las células presentan varios cromató- 
foros, ovoides, con un pirenoide cada uno. 


Por la forma de sus lórigas S. bourrellyi se aproximaría a S. fluviatilis (Lemm.) 
Defl. y S. australica (Playf.) Defl., de las que se diferencia, basicamente, por el 
prominente ensanchamiento de la porción caudal. 


Debe notarse, además, que de numerosos muestreos realizados en charcos, 
lagunas y madrejones de la Provincia del Chaco y zonas aledañas, T. bourrellyi 
sólo se hallo, y con bastante frecuencia, en sólo uno de esos cuerpos de agua. 


Conclusiones 


a) S. bourrellyi sp. nov. presenta una forma de sus lórigas marcadamente 
diferente de todas las especies de Strombomonas conocidas. 


b) La nueva especie presenta una estructura de la pared de la lóriga que no 
se conoce para ninguna especie descripta en microscopía electrónica hasta 
el momento. La pared es fuertemente escabrosa y presenta, muchas veces, 
partículas del medio aglutinadas. 


c) De un examen florístico exhaustivo de numerosos cuerpos de agua de la 
Provincia del Chaco (Argentina) y regiones aledañas, Provincias de Corrien- 
tes y Formosa, S. bowrrellyi sólo se halló, con bastante frecuencia y perio- 
dicidad en sólo una pequeña laguna. 
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Lamina I 


Fotos 1-6. Strombomonas bourrellyi sp. nov., en M.E.B. 

1- Ejemplar con numerosas partículas aglutinadas. 

2- Ejemplar con pocas partículas aglutinadas, nótese la ornamentación escabrosa de la 
lóriga. 

- Aspecto del cuello en vista lateral, nótese la pared fuertemente escabrosa. 

Aspecto del cuello en vista apical. 

- Porción caudal del ejemplar de la fig. 2. 

- Ejemplar roto, donde se muestra el aspecto escabroso de la porción interior, sin partí- 
culas aglutinadas. 


(escalas en Um). 


Dub 


Lamina II 


Fotos 7-11 y Fotos a-b. Strombomonas bourrellyi sp. nov.; 7-10 en M.E.B. 


7 - Ejemplar con partículas aglutinadas de tamaño considerable. 
8 - Aspecto de la porción caudal con partículas adheridas. 
9 - Aspecto del cuello en vista subapical. 
10- Porción de la parte anterior de la lóriga del ejemplar de la foto 7, con partículas aglu- 
tinadas. 
11 - Detalle de la porción caudal de un ejemplar con partículas adheridas. 
a-b- Strombomonas bourrellyi sp. nov. en microscopía óptica; aspecto general de las lórigas. 


(escalas en 4m). 
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